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QUALITY ASSURED 


Our quality system focuses on the continuing high quality of our 
components and the best possible service for our customers. We have 
a three-sided quality strategy: we apply a system of total quality control 
and assurance;-we operate customer-oriented dynamic improvement 
programmes; and we promote a partnering relationship with our 
customers and suppliers. 


PRODUCT SAFETY 


In striving for state-of-the-art perfection, we continuously improve 
components and processes with respect to environmental demands. 
Our components offer no hazard to the environment in normal use 
when operated or stored within the limits specified tn the data sheet. 


Some components unavoidably contain substances that, if exposed by 
accident or misuse, are potentially hazardous to health. Users of these 
components are informed of the danger by warning notices in the data 
sheets supporting the components. Where necessary the warning 
notices also indicate safety precautions to be taken and disposal 
instructions to be followed. Obviously users of these components, in 
general the set-making industry, assume responsibility towards the 
consumer with respect to safety matters and environmental demands. 


All used or obsolete components should be disposed of according to 
the regulations applying at the disposai location. Depending on the 
location, electronic components are considered to be ‘chemical, 
‘special’ or sometimes ‘industrial’ waste. Disposal as domestic waste is 
usually not permitted. 
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PAGER RECEIVERS 


UAA2033T off-set pager receiver (maintenance only) 
UAA2050T low power digital VHF paging receiver 
UAA2080T, H advanced pager receiver 


PAGER DECODERS 

PCA5000AT paging decoder 
PCF5001T POCSAG paging decoder 
DIGITAL DATA FILTER 


OM4031 digital post-detection filter for FSK data receivers 
data sheet; to be integraied in future issue 


RF MIXERS AMPLIFIERS 


SA600 low noise gain stage and mixer 1 GHz. 
SA601 low voltage LNA and mixer 1 GHz. 
SA620 RF gain stage, VCO and mixer 1 GHz. 
RF WIDEBAND TRANSISTORS 

BFG505 9 GHz wideband transistor 


Also for other RF wideband transistors 


MICROCONTROLLERS, GENERAL 


80031 CMOS single-chip 8-bit microcontroller 
80C625 idem 
87C625 idem 


MICROCONTROLLERS, LOW VOLTAGE/LOW POWER 


83CL410 CMOS single-chip 8-bit uC with IIC 
83CL781 idem 
83CL782 idem, 12 MHz at 3.1 V 


PCF84C430 single-chip 8-bit microcontroller with LCD driver 
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ICO3 
ICO3 


ICO3 
ICO3 


ICO3 


ICO3 
IC17 
ICO3 


SC14 
$C14 


(ROM-less) IC20 
(8K x 8 ROM) IC20 
(8K x 8 EPROM) IC20 


(4K x 8 ROM) IC20 
(16K x 8 ROM) —— 1C20 
(16K x 8 ROM) IC20 
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LOW VOLTAGE, LOW POWER IIC LCD DISPLAY DRIVERS 


PCF2116 1-4 lines, up to 24 char./line; MUX 
PCF8566 96-segment LCD driver; MUX 
PCF8568 16-lines row driver; MUX 
PCF8569 40-lines column driver; MUX 
PCF8576 160-segment-LCD driver; MUX 
PCF8577 64-segment LCD driver; MUX 
PCF8578 row/column LCD dot matrix driver; 
PCF8579 4-lines column driver; MUX 


LOW VOLTAGE, LOW POWER STATIC RAMS 


PCD5101 256 x 4 bit 

PCD5114 1024 x 4 bitlIC10 

PCF8570 256 x 8 bit, IIC-bus 

PCF8571 128 x 8 bit, IIC-bus 

PCF8581/C 128 x 8 bit, EEPROM, IIC-bus 
PCF8582 256 x 8 bit, EEPROM, IIC-bus 
PCF8583 256 x 8 bits IIC-bus, clock calender 


HIGH-SPEED CMOS LOGIC 


T4HCT XXX high speed CMOS logic family 
SMALL SIGNAL TRANSISTORS 
BC546/556/557 general purpose, small signal transistors 


Also for other general purpose transistors 


SMALL SIGNAL DIODES 

1N4148 high speed switching diode 

BAT85 Schottky barrier switching diode (very low Vf) 
Also for other small signal diodes 


QUARTZ CRYSTALS 


General information and selection guide on quartz crystals 
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IC12 
IC12 
ICO2 
ICO2 
IC12 
IC12 
IC12 
IC02 


IC10 
IC10 
IC12 
IC12 
IC10 
IC10 
IC12 


ICO6 


SC04 
SC01 


SC01 
SC01 
SC01 


PAO7 
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PASSIVE COMPONENTS DATA HANDBOOK 
General information on resistors and capacitors, fixed and variable, standard and SMD; book series PAxx 
BATTERIES 


General information on batteries: Business Group on Batteries, Lighting Division. 
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QUALITY 
Total Quality Management 


Philips Semiconductors are a Quality Company, 
renowned for the high quality of our products and 
service. We keep alive this tradition by constantly aiming 
towards one ultimate standard, that of zero defects. This 
aim ls guided by our Total Quality Management (TQM) 
system, the basis of which is: 


quality assurance 


based on iSO 9000 standards, customer standards such 
as Ford TQE and IBM MDQ, and the CECC system of 
conformity. Our factories are certified to !SO 9000 and 
CECC by external inspectorates 


partnerships with customers 


PPM co-operations, design-in agreements, and 
ship-to-stock, just-in-time and self-qualification 
programmes 


Darinerships with suppliers 


ship-to-stock, statistical process control and [SO 9000 
audits 


quality improvement programme 


continuous process and system improvement, design 
improvement, complete use of statistical process control, 
realization of our final objective of zero defects, and 
logistics improvement by ship-to-stock and just-in-time 
agreements. 


Advanced quality planning 


During the design and development of new products and 
processes, quality is built-in by advanced quality 
planning. Through failure-mode-and-effect analysis the 
critical parameters are detected and measures taken to 
ensure good performance on these parameters. The 
capability of process steps is also planned in this phase. 


Product conformance 


The assurance of product conformance is an integral 
part of our quality assurance (QA) practice. This is 
achieved by: 


¢ incoming material management through partnerships 
with suppliers 


e in-line quality assurance to monitor process 
reproducibility during manufacture and initiate any 
necessary corrective action. Critical process steps 
are 100% under statistical process control 
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e acceptance tests on finished products to verify 
conformance with the device specification. The test 
results are used for quality feedback and corrective 
actions. The inspection and test requirements are 
detailed in the general quality specifications 


e periodic inspections to monitor and measure the 
conformance of products. 


Product reliability 


With the increasing complexity of OEM (original 
equipment manufacturer) equipment, component 
reliability must be extremely high. Our research 
laboratories and development departments study the 
failure mechanisms of semiconductors. Their studies 
have resulted in design rules and process optimization 
for the highest built-in product reliability. Highly 
accelerated tests are applied to the products reliability 
evaluation. Rejects from reliability tests and from 
customer complaints are submitted to failure analysis, to 
result in corrective action. 


Customer responses 


Our quality inprovement depends on joint action with our 
customer. We need our customer's inputs and we invite 
constructive comments on ali aspects of our 
performance. Please contact our focal sales 
representative. 


PRO ELECTRON TYPE NUMBERING SYSTEM 
FOR DISCRETE SEMICONDUCTORS 


Basic type number 


This type designation code applies to discrete 
semiconductor devices (not integrated circuits), multiples 
of such devices, semiconductor chips and Darlington 
transistors. 


FIRST LETTER 


The first letter gives information about the material for 
the active part of the device. 


A germanium or other material with a band gap of 0.6 
to 1 eV 


B_ silicon or other material with a band gap of 1 to 
1.3 eV 


C gallium arsenide (GaAs) or other material with a 
band gap of 1.3 eV or more | 


R compound materials, e.g. cadmium sulphide. 
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SECOND LETTER 


The second letter indicates the function for which the 
device is primarily designed. The same letter can be 
used for multi-chip devices with similar elements. 

In the following list low power types are defined by 
Pin pm > 15 K/W and power types by Ri, |. s 15 K/W. 
diode; signal, low power 

diode; variable capacitance 

transistor; low power, audio frequency 

transistor; power, audio frequency 

diode; tunnel 

transistor; low power, high frequency 

multiple of dissimilar devices/miscellaneous devices; 


e.g. oscillators. Also with special third letter, see 
under ’ Serial number 


diode; magnetic sensitive 
transistor; power, high frequency 
photocoupler 


radiation detector; e.g. high sensitivity 
photo-transistor; with special third fetter 


radiation generator; e.g. LED, laser; with special 
third letter 


control or switching device; e.g. thyristor, low power; 
with special third letter 


transistor; low power, switching 


control and switching device; e.g. thyristor, power; 
with special third letter 


transistor; power, switching 

surface acoustic wave device 

diode; multiplier, e.g. varactor, step recovery 
diode; rectifying, booster 


diode; voitage reference or regulator, transient 
suppressor diode; with special third letter. 


> 
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SERIAL NUMBER/SPECIAL THIRD LETTER 


The number comprises three figures running from 100 to 


999 for devices primarily intended for consumer 
equipment, or one letter (Z, Y, X, etc.) and two figures 
running from 10 to 99 for devices primarily intended for 


industrial or professional equipment.” The letter has no 
fixed meaning, except in the following cases: 


A 
F 


+ 
Ww 


for triacs, after second letter 'R’ or 'T’. 


for emitters and receivers in fibre-optic 
communication, after second letter ’G’, ’P’ or ’Q’. 
When the second letter is ’G’, the first letter should 
be defined in accordance with the material of the 
main optical device. 


for lasers in non-fibre-optic applications, after 
second letter 'G’ or ’Q’. When the second letter is 
'G’, the first letter should be defined in accordance 
with the material of the main optical device. 

for opto-triacs, after second letter ’R’ 

for 3-state bicolour LEDs, after second letter ’Q’ 

for transient voltage suppressor diodes, after second 
letter 'Z’. 


EXAMPLES OF BASIC TYPE eiUMBERS 


AA112: germanium, low power signal diode 
(consumer type) 

ACY32: germanium, low power AF transistor 
(industrial type) 

BD232: silicon, power AF transistor (consumer type) 

CQY17: GaAs, light-emitting diode (industrial type) 

RPY84: CdS, photo-conductive cell (industrial type). 


Version letter(s) 


One or two letters may be added to the basic type 
number to indicate minor electrical or mechanical 
variants of the basic type. The letters never have a fixed 
meaning, except that the letter 'R’ indicates reverse 
polarity and the letter 'W’ indicates a surface mounted 
device (SMD). 


(1) When the supply of these serial numbers is exhausted, the serial number may be expanded to three figures for Industrial types and 


four figures for consumer types. 
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Suffix 


Sub-classification can be used for devices supplied ina 
wide range of variants, called associated types. The 
following sub-coding suffixes are in use: 


VOLTAGE REFERENCE AND VOLTAGE REGULATOR DIODES 


One letter and one number, preceded by a hyphen (-). 
The letter, if required, indicates the nominal tolerance of 
the Zener voltage. 


A 1% 


D 10% 
E 20% 
In the case of a 3% tolerance, the letter ’F’ is used. 


The number denotes the typical operating (Zener) 
voltage, related to the nominal current rating for the 
entire range. The letter ’V’ is used in place of the decimal 
point. 


Example: BZY74-C6V3 or -C10. 


TRANSIENT VOLTAGE SUPPRESSOR DIODES 


One number, preceded by a hyphen (-). The number 
indicates the maximum recommended continuous 
reversed (stand-off) voltage, V,. The letter ’V’ is used in 
place of the decimal point. 


Example: BZW70-9V1 or -39. 


The letter ’B’ may be used immediately after the last 
number, to indicate a bidirectional suppressor diode. 


Example: BZW10-15B. 


CONVENTIONAL AND CONTROLLED AVALANCHE RECTIFIER 
DIODES AND THYRISTORS 


One number, preceded by a hyphen (-). The number 
indicates the rated maximum repetitive peak reverse 
voltage, Vary, or the rated repetitive peak off-state 
voltage, Voray, whichever is the lower. Reversed polarity 


with respect to the case is indicated by the letter 'R’ 
immediately after the number. 


Example: BYT-100 or -100R. 


RADIATION DETECTORS 


One number, preceded by a hyphen (-). The number 
indicates the depletion layer in micrometres (um). The 
resolution is indicated by a version letter. 


Example: BPX10-2A. 


ARRAY OF RADIATION DETECTORS AND GENERATORS 


One number, preceded by a hyphen (-). The number 
indicates the number of basic devices assembled into 
the array. 


Examples: BPW50-6, BPW50-9, BPW50-12. 


HiGH FREQUENCY POWER TRANSISTORS 


One number, preceded by a hyphen (-). The number 
indicates the supply voltage. 


Example: BLU80-24. 


PRO ELECTRON TYPE NUMBERING SYSTEM 
FOR INTEGRATED CIRCUITS 


Basic type number 


This type designation code applies to semiconductor 
monolithic, semiconductor multi-chip, thin film, thick film 
and hybrid integrated circuits. The basic type number 
comprises three letters followed by a serial number. 
FIRST AND SECOND LETTERS 

Digital family circuits 

The first two letters identify the family. 


Solitary circuits 
The first letter divides solitary circuits into: 


S solitary digital circuits 
T analog circuits 


(1) Alogic family is an assembly of digital circuits designed to be interconnected and defined by its base electrical characteristics, such 
as supply voltage, power consumption, propagation delay, noise Immunity. 
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U mixed analog/digital circuits. 


The second letter is a serial letter without any further 
significance except ’H’ which stands for hybrid circuits.” 


Microprocessors 


The first two letters identify microprocessors and related 
circuits: 

MA microcomputer or central processing unit 

MB slice processor (functional slice of microprocessor) 
MD related memories 


ME other related circuits such as interfaces, clocks, 
peripheral controllers, etc. 


Charge-transfer devices and switched capacitors 
The first two letters identify: 


NH hybrid circuits 

NL logic circuits 

NM memories 

NS analog signa! processing using switched capacitors 


NT analog signal processing using charge-transfer 
devices 


NX imaging devices 
NY other related circuits 


THIRD LETTER 


The third letter indicates the operating ambient 
temperature range: 


A temperature range not specified below 
B 0to+ 70°C 
C -55 to +125 °C 
D -25to+ 70°C 
E -25to+ 85°C 
F —40to+ 85°C 


G -55to+ 85°C. 


lf a device has another temperature range, the letter ’A’ 
or a letter indicating a narrower temperature may be 
used, for example, the range of 0 to +75 °C can be 
indicated by 'A’ or ’B’. Should two devices with the same 
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basic type number both have temperature ranges other 
than those specified, one would use the letter ’A’ and the 
other the letter ’X’. 


Serial number 


This may be a four-digit number assigned by Pro 
Electron, or the serial number (which may be a 
combination of figures and letters) of an existing 
company type designation of the manufacturer. 


Version letter 


A singie version letter may be added to the basic type 
number. This indicates a minor variant of the basic type 
or the package. The version letter has no fixed meaning 
except for 'Z’ which means customized wiring. The 
following letters are recormmended for package variants: 


© 


cylindrical 

ceramic dual in-line (CERDIL, CERDIP) 
flat pack (two leads) 

flat pack (four leads) 

quad flat pack (QFP) 

chip on tape (foil) 

plastic dual in-line (DIL) 

quad in-line (QUIL).. 

mini pack (SOL, SO, VSO) © 

uncased chip 


cuouoigoyvprzrgonsg 


- Two-letter suffix 


A two-letter suffix may be used instead of a single 
package version letter to give more information. To avoid 
confusion with serial numbers that end with a letter, a 
hyphen should precede the suffix. 


FIRST LETTER (GENERAL SHAPE) 


C cylindrical 

D dual in-line (DIL) 

E power DIL (with external heatsink) 
F flat pack (leads on two sides) 

G flat pack (leads on four sides) 

H quad flat pack (QFP) 


(1) The first letter ’S’ should be used for all solitary memories, to which, in the event of hybrids, the second letter ’H’ should be added, for 


example, SH for bubble memories. 
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K diamond (TO-3 family) 

M multiple in-line (except dual, triple and quad) 
Q quad in-line (QUIL) 

R power QUIL (with external heatsink) 

S single in-line (SIL) 

T triple in-line 

W leaded chip carrier (LCC) 

X leadless chip carrier (LLCC) 

Y pin grid array (PGA) 


SECOND LETTER (MATERIAL) 


C metal-ceramic 
G glass-ceramic 
M metal 
P plastic 


Examples 


PCF1105WP: digital |C; PC family; operating 
temperature range —40 to +85 °C; serial number 1105; 
plastic leaded chip carrier. | 


GMB74LS00A-DC: digital IC; GM family; operating 
temperature range 0 to +70 °C; company number 
74LSO0A; ceramic DIL package. _ 


TDA1000P: analog IC; operating temperature range 
non-standard; serial number 1000; plastic DIL package. 


SAC2000: solitary digital circuit; operating temperature 
range -55 to +125 °C; serial number 2000. 
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TYPE NUMBERING of 8051 and 90C MICROCONTROLLER DERIVATIVES 


P N X C L DDD F T P_ /RRR 


P Philips | 
N 8 for 8051 
9 for 90C 





ROM code identification 


Package code 
A plastic leaded chip carrier (PLCC) 
B quad flat pack (QFP) 
X 0 for ROM-less F ceramic dual in-line (CERDIP) with 
3 for ROM window 
5 for bondout L  leadless ceramic chip carrier 
7 for EPROM (LOCC) with window 
9 for FEE N ceramic pin grid array (CPGA) 
P plastic dual in-line (DIL) 
C CMOS Q quad ceramic flat pack (QCERPA) 
T small outline (SO), 
L low power, low voltage small outline large (SOL) or 
E low electromagnetic emission very small outline (VSO) 
Z  metal-ceramic dual in-line piggyback 





DDD _ derivative indication 


(CPB) 


Temperature range 


A 


B 
C 
D 
E 
F 
G 
H 


other than specified below 
Oto +70 °C 

—55 to +125 °C 

—25 to +70 °C 

-25 to +85 °C 

~40 to +85 °C 

-55 to +85 °C 

-—40 to +125 °C 


Frequency range 


Ww > 


cg nmmogd 
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other than specified below 
3.5 to 12 MHz 
1.2 to 12 MHz 
0.5 to 12 MHz 
3.5 to 16 MHz 
1.2 to 16 MHz 
1.2 to 20 MHz 
DC to 20 MHz 


Philips Semiconductors Pager Applications Handbook 


General 


TYPE NUMBERING of 8048 MICROCONTROLLER DERIVATIVES 


PC F &84C270 P 
MA 8B e444 P 


Package code 

metal-ceramic dual in-line piggyback (CPB) 
ceramic dual in-line (CERDIP) 

quad flat pack (QFP) 

plastic dual in-line (DIL) 

small outline (SO), 

small outline, large (SOL) or 

very small outline (VSO) 

WP __splastic leaded chip carrier (PLCC) 


AtVIToOD 


Generic type number 


Temperature range 





A other than specified below 
B Oto +70 °C ; 
D ~25 to +70 °C 
F ~40 to +85 °C 
H ~40 to +125 °C 
Vv ~40 to +110 °C 
Technology 
PC CMOS 
MA NMOS 
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TYPE NUMBERING of HCMOS INTEGRATED CIRCUITS 


PC74 HC XXXXX XX 





Package code 
P plastic dual in-line (DIL) | 
T small outline (SO), 
small outline large (SOL) or 
very small outline (VSO) 


Generic type number 


- HC CMOS input switching levels, 

supply voltage range 2 to 6 V, 

fully buffered | 

- HCT TTL input switching levels, 
supply voltage range 4.5 to 5.5 V, 

fully buffered | 


Temperature range 
—40 to +125 °C 
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TYPE NUMBERING of SIGNETICS LINEAR AND MEMORY DEVICES 


NE 567 N 
SA 604A D 
27C210 FA 


Package code 
A plastic leaded chip carrier (PLCC) 
D small outline (SO) or smali outline large (SOL) 


DK shrink small outline (SSOP) 

F ceramic dual in-line (CERDIP) 

FA ceramic dual in-line (CERDIP) with window 
N plastic dual in-line (DIL) 

N3 plastic dual in-line (DIL) 300 mil-wide 


Generic type number 


Linear |Cs family and temperature range prefix 
MC 0 to +70 °C 


N Oto +70 °C 
NE 0 to +70 °C 
S —55 to +125 °C 


SE = -55 to +125 °C 
SA -40to +85 °C 
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RATING SYSTEMS 


The rating systems described are those recommended 
by the IEC in its publication number 134. 


Definitions of terms used 
ELECTRONIC DEVICE 


An electronic tube or valve, transistor or other 
semiconductor device. This definition excludes inductors, 
capacitors, resistors and similar components. 


CHARACTERISTIC 


A characteristic is an inherent and measurable property 
of a device. Such a property may be electrical, 
mechanical, thermal, hydraulic, electro-magnetic or 
nuclear, and can be expressed as a value for stated or 
recognized conditions. A characteristic may also be a set 
of related values, usually shown in graphical form. 


BOGEY ELECTRONIC DEVICE 


An electronic device whose characteristics have the 
published nominal values for the type. A bogey electronic 
device for any particular application can be obtained by 
considering only those characteristics that are directly 
related to the application. 


RATING 


A value that establishes either a limiting capability or a 
limiting condition for an electronic device. It is 
determined for specified values of environment and 
operation, and may be stated in any suitable terms. 
Limiting conditions may be either maxima or minima. 


RATING SYSTEM 


The set of principles upon which ratings are established 
and which determine their interpretation. The rating 
system indicates the division of responsibility between 
the device manufacturer and the circuit designer, with the 
object of ensuring that the working conditions do not 
exceed the ratings. 


Absolute maximum rating system 


Absolute maximum ratings are limiting values of 
operating and environmental conditions applicable to any 
electronic device of a specified type, as defined by its 
published data, which should not be exceeded under the 
worst probable conditions. 
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These values are chosen by the device manufacturer to 
provide acceptable serviceability of the device, taking no 
responsibility for equipment variations, environmental 
variations, and the effects of changes in operating 
conditions due to variations in the characteristics of the 
device under consideration and of all other electronic 
devices in the equipment. 


The equipment manufacturer should design so that, 
initially and throughout the life of the device, no absolute 
maximum value for the intended service is exceeded 
with any device, under the worst probable operating 
conditions with respect to supply voltage variation, 
equipment component variation, equipment control 
adjustment, load variations, signal variation, 
environmental conditions, and variations in 
characteristics of the device under consideration and of 
all other electronic devices in the equipment. 


Design maximum rating system 


Design maximum ratings are limiting values of operating 
and environmental conditions applicable to a bogey 
electronic device of a specified type as defined by its 
published data, and should not be exceeded under the 
worst probable conditions. 


These values are chosen by the device manufacturer to 
provide acceptable serviceability of the device, taking 
responsibility for the effects of changes in operating 
conditions due to variations in the characteristics of the 
electronic device under consideration. 


The equipment manufacturer should design so that, 
initially and throughout the life of the device, no design 
maximum value for the intended service is exceeded 
with a bogey electronic device, under the worst probable 
operating conditions with respect to supply voltage 
variation, equipment component variation, variation in 
characteristics of all other devices in the equipment, 
equipment control adjustment, toad variation, signal 
variation and environmental conditions. 


Design centre rating system 


Design centre ratings are limiting values of operating and 
environmental conditions applicable to a bogey 
electronic device of a specified type as defined by its 
published data, and should not be exceeded under 
normal conditions. 


These values are chosen by the device manufacturer to 
provide acceptable serviceability of the device in average 
applications, taking responsibility for normal changes in 
operating conditions due to rated supply voltage 


Il- 10 


Philips Semiconductors 


General 


variation, equipment component variation, equipment 
control adjustment, load variation, signal variation, 
environmental conditions, and variations in the 
characteristics of all electronic devices. 


The equipment manufacturer should design so that, 
initially, no design centre value for the intended service is 
exceeded with a bogey electronic device in equipment 
operating at the stated normal supply voltage. 


HANDLING MOS DEVICES 
Electrostatic charges 


Electrostatic charges can exist in many things; for 
example, man-made-fibre clothing, moving machinery, 
objects with air blowing across them, plastic storage 
bins, sheets of paper stored in plastic envelopes, paper 
from electrostatic copying machines, and people. The 
charges are caused by friction between two surfaces, at 
least one of which is non-conductive. The magnitude and 
polarity of the charges depend on the different affinities 
for electrons of the two materials rubbing together, the 
friction force and the humidity of the surrounding air. 


Electrostatic discharge is the transfer of an electrostatic 
charge between bodies at different potentials and occurs 
with direct contact or when induced by an electrostatic 
field. All of our MOS devices are internally protected 
against electrostatic discharge but they can be damaged 
if the following precautions are not taken. 


Work station 


Figure 1 shows a working area suitable for safely 
handling electrostatic sensitive devices. It has a work 
bench, the surface of which is conductive or covered by 
an antistatic sheet. Typical resistivity for the bench 
surface is between 1 and 500 kQ per cm?. The floor 
should also be covered with antistatic material. The 
following precautions should be observed: 


e persons at a work bench should be earthed via a 
wrist strap and a resistor 


e all mains-powered electrical equipment should be 
connected via an earth leakage switch 


e¢ equipment cases should be earthed 

e relative humidity should be maintained between 50 
and 65% 

e anionizer should be used to neutralize objects with 
immobile static charges. 
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Receipt and storage 


MOS devices are packed for dispatch in 
antistatic/conductive containers, usually boxes, tubes or 
blister tape. The fact that the contents are sensitive to 
electrostatic discharge is shown by warning labels on 
both primary and secondary packing. 


The devices should be kept in their original packing 
whilst in storage. If a bulk container is partially unpacked, 
the unpacking should be performed at a protected work 
Station. Any MOS devices that are stored temporarily 
should be packed in conductive or antistatic packing or 
carriers. 


Assembly 


MOS devices must be removed from their protective 
packing with earthed component pincers or short-circuit 
Clips. Short-circuit clips must remain in place during 
mounting, soldering and cleansing/drying processes. Do 
not remove more devices from the storage packing than 
are needed at any one time. Production/assembly 
documents should state that the product contains 
electrostatic sensitive devices and that special 
precautions need to be taken. 


During assembly, ensure that the MOS devices are the 
last of the components to be mounted and that this is 
done at a protected work station. 


All tools used during assembly, including soldering tools 
and solder baths, must be earthed. All hand tools should 
be of conductive or antistatic material and, where 
possible, should not be insulated. 


Measuring and testing of completed circuit boards must 
be done at a protected work station. Place the soldered 
side of the circuit board on conductive or antistatic foam 
and remove the short-circuit clips. Remove the circuit 
board from the foam, holding the board only at the 
edges. Make sure the circuit board does not touch the 
conductive surface of the work bench. After testing, 
replace the circuit board on the conductive foam to await 
packing. | 


Assembled circuit boards containing MOS devices 
should be handled in the same way as unmounted MOS 
devices. They should also carry warning labels and be 
packed in conductive or antistatic packing. 
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Earthing rail. 
~ Resistor (500 kQ + 10%, 0.5 W). 
_ lonizer. 
Work bench. 
Chair. 
Wrist strap. 
Electrical equipment. 
Conductive surface/antistatic sheet. _ 


Fig.1 Protected work station. 
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Introduction 


A pager is a widely known, fast growing way of receiving 
personal information, that is finding its way into many 
applications. 


Pager systems are particularly interesting, because 

they are relatively cheap (low cost device, low power 
usage), they are small (as a system, easy to build-in), 
economic from a network point of view (small bandwidth, 
many users per channel, low cost of operation) and very 
user friendly (less intrusive than (cordless) telephones, 
fast installation, simple infra-structure). 


Simple alert-only pagers may consist of only two 
integrated circuits while more sophisticated display 
pagers are not much bigger. 


Because of these characteristics, the pager market is 
expanding rapidly. According to Mobile Radio Technology 
of February 1994: 

more than 50% of new pager customers are personal 
users, 

of total pager sales, 15% is by retail trade, to increase 
to 35% in the next two years, 

relatively high information rate; 26% of users receive 2 
messages per day, 35% receive 3 - 5 messages and 
17% receive more than 11 messages per day, 

Pager market will grow to US$ 620.1 million by 1997. 


Pager systems come in many varieties, mostly chosen for 
their simplicity and ease of operation; a few application 
examples may be mentioned: 

Personal communication (person to person); clip-on 
pager, in watches, as jewellery, in key-rings, in 
cordless (telepoint) and cellular phones. 

Personal information systems (system to person); in 
PC's, notebooks, palm-tops, personal organisers, 
smart-cards, information tags. 

Remote control applications (person to system); in 
gasoline pumps, remote metering, supermarket 
displays, cargo tags, cattle tracking, (second-)house 
control systems. 


Pager networks are run by many different network 
operators, using a variety of protocols. Some protocols 
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have limited recognition outside their operational region, 
others have a higher penetration. 


Philips is supporting the well known POCSAG protocol 
(Post Office Code Standardisation Advisory Group), also 
known as Radio Paging Code # 1 or RPC 1. This code is 
well established, being used on a worldwide scale with a 
high market share. 


Successor systems are under discussion, either being 
designed or in operation in various parts of the world. 
These successor systems are designed using dedicated 
circuitry, or are based on system-elements from the 
current pager IC-line. 


Remote metering 


Remote utility-meter reading facility for water, gas, 
electricity etc. The system consists of an interrogation 
receiver/transmitter system, connected to the (private) 
utility meter. The system will respond to a passing 
interrogation vehicle with the current status and meter 
content. The system will also be capable of remote 
changing of tariffs. The advantages of POCSAG-based 
system for this remote measuring and control system are 
its low cost, the established receiver technology, the high 
number of addresses per channel, the possibility of 
having one (hardware) system with many, programmable, 
user addresses, suitable for on-line tariff switching. An 
other advantage is that no elaborate antennas are 
required. 


Flight information pager 


User to call (toll-free) telephone number to request flight 
date for any departure and destination city (in US). The 
best available flight, connections and fares are 
automatically identified by the system and the data is 
formatted for an alpha-numeric pager and distributed to 
the customer’s paging service. 


Five outbound and return flights and a matrix of fare 
options are then transmitted to the pager. The flight 
information may also be received on a PC, using an 
integrated pager receiver. 
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Airport personal tracking and information system 


An intelligent information system keeps the bearer 
informed on the latest information of his flight in and 
around the airport. 

By means of an automatic interrogation system, the 
system also keeps track of the bearer's tocation; this 
enables the airport to selectively send (electronic-, public 
address-)information to the bearer only transmitting the 
information at the location of the bearer (position 
tracking). The system is to be the natural successor to 
the "boarding-pass" procedures. 


Missing persons locator 

A pager system is attached to a person to be secured. If 
this person is missing (sailors lost in a storm, skiers 
missing in the mountains etc), a special code 
(POCSAG?) is being send. The system wiil respond by 
activating a beacon(transmission) to home-in on. 


Cattle "remote control" system 

An automatic cattle herding system is based on radio- 
pagers for controlling the movements of grazing cattle. 
Specially trained cows will stop grazing and return to the 
feed trough on sound information from a neck-worn pager 
system. Training of the cattle is done over a one week 
period. The cattle can be addressed by dialling a group 
broadcast paging number by means of a standard 
(wireless) telephone. 
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1. System Overview 


In general, a paging system consists of a base station 
and several paging receivers, which listen to the 
information transmitted by the base station. Although 
other ways of communication exist, only radio frequency 
(RF) transmission between base station and pager will be 
considered. The range covered by the transmitter may 
vary from a few 100 m for on-site applications to some 

10 km in off-site paging systems. A cellular structure with 
more than one base station can be used to cover larger 
areas or even a whole country. 


In order to issue a paging call to a subscriber, the 
required paging information has to be forwarded to the 
base station (BS). This can be done by telephone system 
or other network to which the BS is connected. In the 
base station the paging information is converted into the 
appropriate transmission code format, in this case the 
CCIR Radiopaging Code No.1 (POCSAG Code). The 
POCSAG Code format is presented in section 2. The RF 
carrier of the BS is modulated with the POCSAG coded 
information bits of each call. 


Within this report, a frequency shift keying (FSK) 
modulation with a non- return-to-zero (NRZ) code and a 
frequency shift of +/- 4.5 kHz is assumed. This type of 
modulation is normally associated with paging 
applications and the POCSAG Code. The bit rate of the 
information transfer can be either 512 or 1200 bit/s. 


The RF section of the paging receiver processes the 
signals that come from the base station to convert them 
back to POCSAG Code format. This normally requires 
RF filtering, mixing, IF filtering, demodulation and output 
waveform generation. The output data stream, which is 
now in the transmission code format again, is passed to 
the decoder section of the paging receiver. The RF 
section may have a power down mode, which is 
controlled by the decoder. 


The decoder section scans the incoming data stream. 
When a match is found between the receiver 
identification code (RIC) to the decoder and the address 
of a call transmitted by the base station, the decoder will 
signal "valid paging call received" to the man-machine 
interface (MMI). The information attached to a specific 
call is also passed to the MMI. Upon call reception, the 
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man-machine interface will generate some alert caden- 
ces and display the message information when 
instructed. The complexity of the MMI depends on the 
type of pager. : 


In alert-only (beep-only) pagers the MMI simply 
comprises an alerter and a few switches, the control logic 
will be a part of the decoder itself. 


In display pagers the MMI is far more complex, the 
decoder becomes more or less a preprocessor to the 
man-machine interface. in this case the MMI is usually a 
display unit with its own microcontroller, which performs 
data processing on the call information passed by the 
decoder and display control functions. 


2. Transmission Code Format 


This section describes the CCiIR Radiopaging Code No.1, 
which is also known as the POCSAG Code, see fig. 1-1. 


- General transmission format.see fig.j-1a 


A transmission according to the rules of the POCSAG 
Code consists of a preamble followed by batches of 
codewords, see fig. 1-1a. The transmission is stopped 
after the last batch, when there are no further calls to 
transmit. 


The preambie is transmitted to allow the pagers to 
achieve bit synchronization and to prepare them to 
acquire word synchronization. The preamble ts a pattern 
of bit reversals, 10101010..., repeated for at least 576 
bits. 


- Batch format, see fig.1-10 


Information is transmitted in the form of batches 
consisting of codewords of 32 bits length, which are 
transmitted MSB first. A batch comprises a 
synchronization codeword (SC) followed by 8 frames 
(FRO-FR7), each containing 2 codewords, see fig. 1-1b. 
Each pager is allocated to one of the 8 frames according 
to the 3 least significant bits of its receiver identification 
code (RIC). Only address codewords transmitted in the 
allocated frame are examined by the pager. 
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- Synchronization codeword, see fig.1-1c 


The synchronization codeword has a fixed 32-bit pattern 
which is shown in fig. 1-1c. It consists of a pseudo- 
random sequence which has a very low correlation with 
the preamble. It is used to achieve batch synchronization. 


Within a frame 3 different kinds of codewords may occur: 
address, message and idle codewords. A flag bit 
distinguishes address and idle codewords (MSB=0) from 
message codewords (MSB=1). Each codeword contains 
20 bits of information. A further 10 CRC bits produced by 
a (31,21) BCH coding scheme and a parity bit are added 
to protect a call against transmission errors and to 
increase the call success rate by error correction. 


- Address Codewords, see fig. 1-1d 


The address codeword is used to select a specific pager 
and to issue alert- only (beep-only) calls or message calls 
in conjunction with message codewords. Bit 1 (MSB) of 
an address codeword is always a "0". This distinguishes 
it from a message codeword. Bits 2-19 are the 18 most 
significant bits of the pager’s identification code (RIC). 
The remaining 3 bits are coded in the number of the 
frame, in which the address codeword is transmitied. Two 
function bits (FC, bits 20-21) are used to classify calls as 
being either tone-only (beep-only), numeric or 
alphanumeric type. 


- Message Codewords, see fig. 1-1e 


A message codeword always starts with a "1". The 
information to be transferred is put into the 20 message 
bits (bits 2-21) of subsequent message codewords. The 
whole message follows directly after the address 
codeword, effectively replacing the normal frame 
structure. Any address or idle codewords scheduled for 
transmission are postponed until the first appropriate 
frame after completion of the message. Longer 
messages may continue in subsequent batches, but the 
batch structure is maintained: a synchronization code- 
word precedes each group of 16 codewords. 
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b) Batch Format 


MSB LSB 
1 32 


— 
OOO 1 Le 100 1000010 101 110 11000 
| } iJ f 











c) Synchronization Codeword (SC) 











MSB LSB 
1/2 191202122 3182 
0 Address Bits CRC Bits 

d) Address Codeword 

MSB LSB 
1|2 21/22 3182 
Message Bits CRC Bits 


e) Message Codeword 


MSB LSB 


1 32 
01111010100010011100000110010111 
l | er Cos ee Ka Da | H i 


f) Idle Codeword 








Fig. 1-1 POCSAG Coding Structure 
- Idle Codewords, see fig. 1-1f 


Idle codewords are used to fill unused codeword 
positions within a batch or to separate messages. The 
idle codeword is a valid address codeword outside the 
normal address range allowed for allocation to pagers. It 
has a fixed 32 bit pattern. 
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- The POCSAG character sets 


Although in principle any message format may be used, 
two standard formats are used: a 4-bit numeric and a 
7-bit alphanumeric format. The numeric format is based 
on BCD coding and is shown in fig. 1-2. The alphanume- 
ric format consists of the standard 7-bits ASCII code (also 
known as CCITT Alphabet No 5) and is shown in fig. 1-3. 





4-bit Combination Displayed Character 

BitNo: 4 3 2 1 
0000 0 
0001 1 
0010 2 
0-0. 41.4 3 
0100 4 
O47 04 5 
0110 6 
Oo111 7 
1000 8 
1001 9 
1010 spare code 
t Ox a 7 U(rgent) 
14°20: 0 Space (’ ’) 
1101 Hyphen (’-’) 
1110 ] 
do a [ 








Fig. 1-2 POCSAG Numeric Character Set 


Messages are partitioned into contiguous blocks of 

20 bits, retaining the character reading order. Bits of a 
character are transmitted LSB first and any unused part 
of the last codeword is filled with ‘space’ characters for 
numeric messages or non-printing characters (e.g. 'EM’, 
‘EOT', 'NULL') for alphanumeric messages. Only the 
NULL character may be incomplete. 
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Fig. 1-3 POCSAG Alphanumeric Character Set 
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Stored electricity 


Man’s quest for material well-being over the centuries 
has been tied largely to the harnessing of various forms 
of energy. And, from early days when man learned to use 
fire for heat and light, fuels have played a vital role in 
improving man’s position. - 


Fuels are, in fact, all kinds of materials that are burned in 
order to release energy in the form of heat. The heat is 
generated by the reaction of the fuel with oxygen. 
Typical fuels are coal, firewood, oil and gas. Even the 
food we eat is a form of fuel. 


However, burning fuel is not the only way to produce 
energy. The chemical reaction that occurs between 
different substances is another. Dramatic examples are 
those of fireworks and various forms of explosives. 


Energy from batteries is yet another method. We all know 
batteries, we grew up with them. In torches and toys then 
later in portable radios and calculators, in photo flash 
units and movie cameras. After all, batteries have been 
around a long time - a clay battery utilizing copper and 
iron electrodes was used around 2000 years ago in the 
Bagdad area. In more modern times, the principle was 
rediscovered by Galvani in 1780. 


Batteries for portable devices such as the electric torch 
have been known for many years. More recenily, other 
types of batteries have become popular for use in 
electrical apparatus like pocket calculators and hearing 
aids. New types of industrial and household equipment 
are constantly being introduced and nowadays there is a 
great variety of different types of battery available. 


Batteries provide us with portable, electrical energy. The 
battery industry has become much more sophisticated of 
late and the number of appliances originally designed for 
battery-powered use has steadily increased. 


But it is not only toys, radios, clocks and the like that 
depend on batteries for power. A large number of other 
equipments and services depend on the electricity 
delivered from batteries. Electric vehicles, transmission 


relay stations and communication equipment to name just 


a few. 
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Technically sceaking, a battery is combination of celis. 
Each cell is delivering its part to the total energy (voltage) 
of the battery. Commonly though, the words battery and 
cell are used interchangeably and we will use these 
words in the same way. 


A battery converts chemical energy into electrical energy. 
It is theoretically possible to construct batteries from a 
virtually infinite variety of materials. However, in practice 
there are only a few ‘fuels’ and ‘oxygens’ that provide 
practical solutions bearing in mind efficiency and cost. 

In batteries 'fuels' and ‘oxygens’ are called ‘electrodes’. 
The cell of each battery has one ‘fuel’ and one ‘oxygen’ 
electrode. 


Just as the combination of a fuel with oxygen requires 
certain ambient conditions for a successful reaction, so 
does the battery. In this case, the electrodes need to be 
in a special salt solution called the electrolyte. To prevent 
direct contact between the two electrodes, and thus a 
short-circuit, an additional separator is usually placed 
between the electrodes. Although the separator isolates 
one electrode from another, it does not prevent reaction 
between the fuel and oxygen. 





"EUEL ELECTRODE ‘OXYGEN’ ELECTRODE ° 
\ - 


BATTERY CAP 


\ 


f < | | 


BATTERY CONTAINEF 





SEPARATOR 


Fig 1 The principle of a battery 


Some examples of different pairs of materials used for 
electrodes are: 


zinc and manganese dioxide 
zinc and mercury oxide 

lithium and manganese dioxide 
lead and lead peroxide 
cadmium and nickel oxide. 
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There are many types of battery produced these days. Table 1 gives a survey of those different battery systems that are 
of prime importance to our everyday life. They are arranged according to their volume. 
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Table 1 Different battery systems arranged according to their volume. 
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Batteries come in a wide variety of sizes and shapes. The 
smaller ones, from droplet to beer can size, are mainly 
used in portable electronic and portable lighting 
applications. Without these small batteries our daily life 
would be very much different. There would be no electric 
torch, electronic watch, cordless shaver, pocket 
calculator, portable radio and so on. . 


Batteries can be divided into two main classes. 


A Primary batteries 
This type is disposed of after use as it cannot be reused. 


Typical sorts of primary battery are: 

zinc manganese dioxide cells, e.g. Leclanché 
zinc-chloride and alkaline 

zinc-mercury oxide cell 

zinc-silver oxide cell 

zinc-air cell 

lithium batteries 


B Secondary or rechargeable batteries 

This type can be used over and over again because if 
electrical energy is supplied from an external source the 
chemical reaction of the battery is reversed and the 
battery is restored to its original charged condition. 


Typical small rechargeable battery types are: 
sealed nickel-cadmium batteries 
sealed lead-acid batteries 


Newcomers in the field of rechargeable batteries are the: 
e nickel metal-hydride battery 
re-chargeable alkaline 
re-chargeable lithium cell 


These types of batteries are still relatively expensive and 
exhibit no “established” construction yet. 


Larger batteries are termed as those having a volume 
greater than that of a beer can. They are almost 
exclusively used in automotive or stationary applications 
that we all meet in our daily routine. 

Typical examples are: 

the cranking of a car is done by a lead-acid battery 
about the size of a shoe box 
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jet aircraft motors are started by nickel-cadmium 
batteries the size of a jerry can. 

telephone services are ensured against mains failure 
by the use of stand-by lead-acid battéries the size of 
barrels 

medium sized lead-acid and nickel-iron batteries are 
used in electric vehicles to provide pollution-free 
transport in towns and buildings. 

in the event of a mains failure, batteries provide us 
with emergency lighting to guide us safely through 
buildings and subways. 


Virtually all of these larger batteries are rectangular in 
shape and rechargeable. 


PORTABLE BATTERIES 


There are many different types and sizes of portable 
batteries from which to choose for any application. The 
energy requirement and discharge schedule are the two 
fundamental criteria on which the correct choice is made. 


Batteries for the larger portable apparatus are usually 
cylindrical, flat or rectangular in form. Furthermore, the 
battery systems employed are mainly the 
zinc-manganese and alkaline manganese types. 

With the advent of micro-electronics, very small portable 
apparatus became possible with a consequent need for 
very small batteries. These batteries were developed in 
button, coin and pin forms. In connection with providing 
the highest possible energy content these types of 
battery generally use different systems to the larger 
types: 

zinc-mercury 

zinc-silver 

zinc-air 

lithium. 


Rechargeable nickel-cadmium batteries are sometimes 
used in place of primary batteries in portable apparatus. 
They are available in cylindrical form for the more general 
application and in button form for use in such apparatus 
as hearing aids. Small lead acid rechargeable batteries 
have been mainly supplied in rectangular form up to now 
although batteries in cylindrical form are becoming more 
popular. 
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THE LECLANCHE BATTERY 


This type of battery is the most widely known and billions 
of them are used every year throughout the world. Its 
proper name is a zinc-manganese dioxide battery and is 
used in appliances where ample space is available and 
where it has to operate from a number of hours up to 
about a year. 


In addition to the names Leclanche battery and 
zinc-manganese dioxide battery it is also known as: 
zinc-carbon battery, dry cell and dry battery. 


The name Leclanche comes from its inventor. George 
Lionel Leclanché (1838-1882) started manufacturing 
batteries around 1860 in Brussels. Although the principle 
has remained the same, the battery industry has 
introduced many changes during the last 120 years. 


The modern Leclanche battery consists of a zinc 
container acting as the negative electrode and 
manganese dioxide as a positive electrode. The two 
electrodes are insulated from one another by aseparating 
layer of electrolyte. Usually this electrolyte comprises of 
ammonium chloride but in the heavy duty types, 
zincchloride is used. The separating layer can be a gel in 
the so-called paste lined batteries, or paper as used in 
the so-called paper lined batteries. Because the paper 
lining occupies less space and improves the filling factor, 
the batteries utilizing this method usually have a higher 
capacity. There are other factors that influence capacity 
too: size, the ‘purity’ of the manganese 

dioxide and the type of electrolyte. 


Particularly in conditions of higher discharge, the 
zincchloride types can withstand more continuous drain. 
However, ammoniumchloride types are superior at low 
discharge conditions (i.e. either lower currents or long 
rest periods). Furthermore, ammonium chloride batteries 
are cheaper. 


A great deal of attention is given to the sealing and 
packaging of the cell. This is not only to ensure an 
attractive product but mainly to increase leak resistance 
under adverse environmental conditions and to maintain 
optimal performance after long-term storage. 
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NEGATIVE ELECTRODE 
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Fig. 2 Construction of a modern Leclanché battery. 


Due to both chemical and physical reasons, water is less 
liable to be emitted from cells with zincchloride 
electrolyte. This fact combined with superior, more 
expensive sealing preventing loss of water, gives a longer 
shelf life and a better leak resistance than the ammonium 
chloride type. Hs 


Zinc-manganese batteries have a nominal voltage of 
1.5 V. During discharge, the voltage gradually drops 
towards the endpoint voltage at which time the battery 
has to be replaced. 


The batteries recuperate during rest periods, a fact that 
affects the total available capacity. With the zincchloride 
electrolyte type, however, the battery is able to deliver 
higher currents continuously with less need to 
recuperate; a considerable improvement on the more 
conventional Leclancheé types. In fact, its characteristics 
approach those of the more expensive alkaline 
manganese types although not with relation to low 
temperature behaviour. 
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Summarizing, it can be said that for light loads and 
intermittent use, the lower cost ammonium chloride 
battery is well suited and that for heavier loads of a more 
continuous nature, the zincchloride battery is preferable. 


The capacity is very much dependent on the current drain 
and the discharge schedule as shown in Fig. 3 








222 CONT. 


TIME (HOURS) 


Fig. 3a Typical discharge curves for zinc-manganese 
dioxide/amoniumchloride batteries. 


262 CONT. 


TIME {HOURS} 


Fig 3b Typical discharge curves for zinc-manganese 
dioxide/zinchchloride batteries. 
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Fig. 3c Typical curves for temperature behaviour 


THE ALKALINE BATTERY 

The first information on the development of an alkaline 
manganese battery appeared in papers written in 1952. It 
was introduced on the market around 1959. Like the 
Leclanché batteries just described it too is a 
zinc-manganese dioxide battery. However, the electrolyte 
used is a caustic solution. Furthermore, the construction 
of the alkaline battery is totally different. 


The negative zinc electrode is placed in the inside of the 
battery whilst the positive manganese dioxide electrode is 
placed around the zinc electrode. This means that the 
outer steel container acts only as a casing and takes no 
part in the chemical process of the battery. This fact 
together with the very effective sealing technique used 
leads to a very good leak resistance and a long shelf life. 
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Fig. 4 Construction of an alkaline battery 


As far as outside appearance and cell voltage are 
concerned, the alkaline battery is comparable to the 
Leclanche battery. However, its output performance at 
high loads is superior. 


Alkaline batteries are suitable for heavy and continuous 
current drains; its higher capacity is less dependent on 
the load and discharge schedule. Energy densities are 
two to three times higher than comparable Nicads. 

This type of battery can also function at lower 
temperatures. Typical discharge curves at various 
temperatures are given in Fig. 5. 
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TIME 


Fig. 5 Typical discharge curves for alkaline manganese 
batteries 


Rechargeable alkaline manganese batteries 


Whereas it is possible to construct an alkaline battery ina 
way that allows it to be recharged to a certain extent, 
those types normally on sale are not intended to be 
recharged. Attempts to recharge can be very dangerous 
as it can lead to cell leakage and even explosions. 


The rechargeable alkaline batteries exhibit a slightly 
lower capacity than non-rechargeable types and a self- 
discharge that is usually around 0.01 percent per day. 
The nummer of charging cyles of this battery is still rather 
low at twenty to fifty times. 


THE MERCURY BUTTON CELL 


The zinc-mercuric oxide cell was first introduced around 
1940 when it was used in large cells for military and other 
purposes. Since then the smaller, button type version has 
been developed. It is this type which is usually found in 
applications like hearing aids and photographic exposure 
meters. 


Il- 12 


Philips Semiconductors 


Introduction to pager systems 


TOP CAP(-| 
ZINC ELECTRODE (-}Zn 


SEPARATOR SYSTEM 
SUPPORTING RING 

MERCURIC OXIDE ELECTRODE |tiHg 
COVER'+) 










LY 
C49 
SS NNN SS SOO SS DS a ahah ed 


Fig. 6 Construction of a mercury button cell 


The high energy density active material mercuric oxide is 
used for the positive electrode: powdered zinc being used 
for the negative electrode. To complete the chemical 
system there is a caustic electrolyte. 


The nominal voltage of the cell is 1.85 V which is very 
stable during discharge. Further advantages of this type 
are its high capacity per unit volume and its hermetic 
sealing giving rise to a long shelf life during which the 
voltage characteristics are not affected. Furthermore, 
compared with the Leclanche battery, its capacity is less 
dependent on the discharge schedule. 


The cell is not suitable for high currents nor low 
temperature operation. However, its high energy content, 
nearly flat discharge curve and durability make it very 
suitable for use in small appliances. 


There is a second version of this type of cell, one having 
manganese dioxide together with mercuric oxide. This 
version has a nominal voltage of 1.4 V, accepts higher 
current drains and is somewhat less expensive. 
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Fig 7a Typical discharge curve for mercury oxide, 
low current drain type 
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Fig. 7b Typical discharge curve for mercury oxide, 
high current drain type. 


THE SILVER CELL 


The zinc-silver oxide button cell has many similarities 
with the zinc mercuric oxide cell, not least of which is its 
construction and appearance. It was introduced around 
1960 to satisfy the demand for a higher voltage than that 
obtained from mercury. 


There are two types: monovalent and divalent silver 
oxide. Although the monovalent version is more widely 
used, the divalent version has a higher capacity but the 
same voltage characteristics. 


ANODE CAP 


ZINC ELECTRODE 





GASKET SILVEROXIDE ELECTRODE 


SEPARATOR + KOH 


Fig. 8 Construction of a silver button cell 
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The discharge voltage is 1.5 V and very stable during 
discharge as shown on the curve of Fig. 7. 


Vv 
15 


09 
0,7. 
TIME (HOURS) 


Fig. 9 Typical discharge curve for silver button cell. 


The silver cell has been specifically designed for low rate 
continuous current drain applications. However, there are 
types available for higher current drains. 


THE ZINC-AIR BUTTON CELL 


This recent addition to the range of button cells is 
significantly different to all the other types. Whereas the 
others have both electrodes within the cell, the zinc-air 
type has only the zinc electrode; the oxygen of the 
outside atmosphere acts as the second electrode. 
Oxygen enters the cell via a specially constructed path 
through the cell cover. The most important advantage of 
this is that the zinc-air cell has sufficient interior space to 
accommodate approximately twice the amount of zinc as 
is possible with mercury or silver cells, giving rise to 
double the service lifetime. 


HgO or Ag 





Fig. 10a Construction of the zinc-air cell compared to 
the conventional button cell 


In practice, the cells are kept sealed from the atmosphere 
by attaching them to an air-tight self-adhesive tape. The 
cells are activated when the tape is removed. This tape 
removal is offen found to be annoying for users, not 
accustomed to this type of battery cell. 
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There are a number of ways in which the zinc-air cell 
differs from other types of button cell: 


e an air access path is provided to ensure that sufficient 
oxygen can enter the cell but which restricts the 
ingress of water and carbon dioxide to such an extent 
that leakage is prevented. 

° avery thin membrane which acts as a catalyst to the 
oxygen electrode reaction. 

¢ ample space to accommodate the zinc, and some 
room to store water that might penetrate the cell under 
extremely adverse environmental conditions. 


ZINC ELECTRODE 
+ELECTOLYTE KOH 





Vv 
SEAL TO Sovss 
PREVENT 
SALTING 
GASKET 





vA AIR( HOLES) 
SELECTIVE MEMBRANE AIR ELECTRODE 

Fig 10b Construction of a zinc-air cell. 
The cell discharge eurve as shown on Fig. 11 is very flat 


compared with mercury and has a slightly lower voltage 
than silver button cells. 


TIME 


Fig. 11 Typical discharge curve of a zinc air button cell, 
AR44. 


The large energy content of this type of cell makes it ideal 
for hearing aids, especially the high power types. 
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NICKEL-METAL HYDRIDE BATTERIES 


Relatively new type of rechargeable batteries, with 
promising characteristics, often referred to as a strong 
battery competitor for the next century. 


Reports of development of this battery date from early 
1960, but it was not until the early 1980 that they became 
commercially available. The NiMH battery is still under 
development and many of its characteristics are not yet 
stabilized. This is also apparent when testing NiMH 
batteries from different manufacturers. 


Although differences exist between various brand names, 
some characteristics of this type of batteries are of a 
more general nature and made the shining stars of 
current developments. 


The advantages of this type of batteries are its relatively 
high capacity (tens of percents over regular Nicad) and 
lack of the "memory-effect". Also the environmental 
aspects make it interesting for the future as they contain 
no toxic metals. 


Disadvantages of the currently available types are its 
lower number of charge/discharge cycles (less than half 
the Nicad types), its charging/discharging characteristics 
with a lower current and its higher self-discharge. Also 
the price for this new development is still relatively high. 


Especially the disadvantages are currently under the 
attention of development laboratories and new solution 
may be found in the coming period. It is expected, that 
the NiMH type of battery will be especially suited for 
portable telecomminication applications. The NiMH 
battery has a cell voltage of around 1.25 V. 
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LITHIUM BATTERIES 


Lithium batteries are a group that is totally different from 
all other types. The main reason is that they have a 
nominal voltage of 3 V compared to the 1.2 to 1.5 V 
range of other types. This is due to the use of the metal 
lithium instead of the zinc electrode as is the case with 
Leclanche, alkaline, mercury, silver and air cells. 
Because of this high voltage the lithium battery offers a 
very high energy content: when compared to Nicad 
batteries, the energy density is three to four times higher. 
The larger lithium batteries have the further advantage of 
being lighter in weight than their equivalents in other 
types and exhibit a very low self-discharge enabeling a 
fully charged shelve-live for a nummer of years. 

On the negative side are its (very) low charging an 
discharging current. Also, the low number of charging 
cycles, down to one fifth compared to Nicads, and its 
high price, which is not likely to come down to its 
competitors makes the lithium cell penetrate niche 
markets only for years to come. 


Although lithium is a very common element, its high 
reactivity makes it difficult to obtain in the metallic state. 
However, modern metallurgical techniques similar to 
those used for the melting of aluminium and titanium 
have recently overcome the difficulties. Only electrolytes 
that contain no water can be used, again due to the high 
reactivity of the lithium itself. 


This also means that disposal at the end of it useful life is 
a matter of consern: corrosion may cause water to leak 
into the cell, eventually leading to a violent reaction. 


There are a large number of materials that can be used 
for the second electrode: both organic and inorganic. 
Inorganic electrodes have the advantage of being slightly 
easier to manufacture. The most common material used 
as the second electrode is manganese dioxide, similar to 
that used in the Leclanche battery. For special purpose 
applications materials such as carbon fluoride, thionyl 
chloride and vanadium peroxide are used. 
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Lithium cells are available in various shapes and sizes, 
ranging from button cells up to the larger cylindrical 
forms. Examples of typical constructions are given in 


Fig. 12. 
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Fig. 12a Cylindrical-type lithium battery. 
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Fig. 12b Flat-type lithium battery. 
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Fig. 12c Pin type lithium battery. 


The different voltage produced by lithium batteries 
prevents them from being used as direct replacements 
for conventional primary types. 


Hermetic sealing of the cell is of the utmost importance 
due to the possible ingress of water and its violent 
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reaction with lithium. Perfect sealing together with a very 
low self discharge give these types of battery a very long 
shelf life which can be five to ten years long. 


The absence of water from the cell makes use at very low 
temperatures possible. Some lithium cells are designed 
to operate even at -40 °C. However, due to the relatively 
low conductivity of the various electrolytes, the internal 
resistance of the cell is high and it cannot supply large 
currents for longer periods. 

Lithium cells are used for applications where low current 
drains are required over a very long period. Typical 
application are pacemakers and long-life watches. They 
are even used to supply the power to operate a light 
emitting diode on top of a fishing float. 


Typical discharge curves and storage characteristics are 
given in Fig. 13. 
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Fig. 13a Typical discharge curves of a small Li-MnO, cell 
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Fig. 13b Storage characteristics of a Li-MnO, cell 
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Reachargeable lithium batteries 


These type of batteries are becoming available for 
special cases where the high energy -to-weight ratio is of 
extreme importance. This newcomer is still expensive 
and hardly out of the experimental phase. Operating 
voltages are in the 3-4 volt range and the.life expectancy 
is over five-hundred charge cycles. Self discharge is 
somewhat higher than alkaline types, but still very much 
lower than Nicads. The output current has gone up 
dramalically compared to the older non-rechargeable 
lithium type. 

A problem remains the very precise charging regime; 
some specifications are mentioning charging at 4.2 volt 
+/- 50 mV. under current limiting conditions. 


SEALED NICKEL-CADMIUM BATTERIES 


The nickel-cadmium battery was developed around the 
turn of the last century with much pioneer work being 
carried out in Sweden. Its introduction coincided with that 
of the nickel iron battery used as a power source in 
electric vehicles. These days the sealed cylindrical type 
of Nicad battery (as it is commonly Known) is available in 
a variety of sizes ranging from button size to one. 
approximately the size of a beer can. 


The advent of sealed nickel cadmium batteries has made 
it feasible to use rechargeable batteries in portable 
devices that have a high current drain or are used very 
often. A typical application is an electric shaver. 


Also the high number of discharge cycles (up to 1000 
plus) and the excellent load performance, even at the low 
temperatures have made this battery penetrate many 
portable applications. Further favourable qualities are the 
simple storage and transportation provisions; most air 
freight companies have no problem transporting them. 


In the cylindrical types the electrodes are based on a very 
thin porous, sintered nickel matrix. These electrodes are 
wound with an interleaving separator to fill the outer 
container. In this way, a large electrode surface is gained 
giving high capacity values. The sealed versions of the 
battery are maintenance free and can operate in any 
position. 
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The system is very robust in that it can withstand 
over-charging and deep discharge. Prolonged periods of 
storage in a discharged condition should be avoided. 
Under these circumstances, thin needles of crystalline 
metal may from, that puncture the separator between the 
positive and negative plate. This will cause high self- 
discharge and usually mean the end of its useful life. 
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Fig 14 Construction of a typical sealed nickel cadmium 
battery 


If the battery is consistently used in a shallow discharge 
pattern or in a trickle charge condition it may exhibit the 
so called memory effect whereby the capacity of the 
battery is seemingly lower than its nominal capacity. 

The effect can be remedied by subjecting the battery to 
full discharge followed by recharging; 

this is usually also the regime under which this type of 
batteries performs best. The memory effect was found in 
the earlier days of production but is virtually not found in 
our present days any more. 


When fast-charging the Nicad battery, "reflex loading" or 
"reverse load charging" improves capacity and adds to 
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the life expectancy. This charging scheme exposes the 
battery to short periodes of discharging during the 
recharging period; this promotes internai gas- 
recombination, thus boosting the efficiency of the 
charging operation. Reflex loading may also add ten to 
twenty percent to the useful life of the battery. 


Typical discharge curves, the effect of overcharging and 
the influence of temperature are given in Fig. 15. 
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Fig. 15a Typical discharge curves 
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Fig. 15b Voltage during charging with constant current 
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Fig. 15c Influence of temperature and current-drain on 
capacity 


Although the nominal voltage of a Nicad battery is 1.25 V 
compared to the 1.5 V of a Leclanché cell, it can be 
directly interchanged due to its flat discharge curve 
compared to the sloping curve of the Leclanche cell. 
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The versatility of the Nicad battery is greatly enhanced by 
its very long typical life time (5 to 7 years) and its 
extended cycle life (up to 1000 cycles). Special types are 
suitable for trickle charging and are excellent sources for 
emergency power applications. 7 


SEALED LEAD ACID BATTERIES 


Since about 1975 the battery industry has been 
producing sealed lead acid batteries for use in 
applications where an operating time of several to many 
hours is needed on one charge. They are employed in 
applications where intensive use makes dry batteries 
expensive and inconvenient. 
For (trans-)portable applications we find them in cam- 
corders, laptop computers and medical equipment. The 
sealed lead acid battery has no memory effect, may be 
trickle charged for long periods of time, and is relatively 
cheap. The comparably low penetration in smaller 
portable systems is mainly due to its relatively low energy 
density, its low-current charging requirements and low 
charge/discharging cycle life and its reduced power at 
low temperatures. Also, because of its composition, it is 
regarded as potentially threatening to the environment. 
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Fig. 16 Construction of a sealed lead acid battery 
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The construction of the battery is more or less 
comparable to the Nicad battery. Its sealed construction 
makes it maintenance free. However, the battery is 
sensitive to storage in a deeply discharged condition. On 
the other hand, self-discharge is less than that of the 
nickel-cadmium cell. A shelf life of over 2 years is 
possible for a fully charged lead acid battery. 


The nominal and operating voltage is 2 V compared to 
1.2 V for Nicad and 1.0 to 1.5 V for dry batteries. 


2,0 
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Fig 17 Typical discharge curve of a sealed lead acid 
battery 


OVERVIEW ON BATTERY TYPES 


A battery is selected according to the specific 
requirements of the application. For applications that 
should be left unattended for a long period of time, the 
initial price of the battery may be of less importance than 
the cost of regular maintenance. For other applications, 
the very constant cell voltage over life may be a 
favourable quality when savings on stabilizing circuitry 
can make the final device smaller or cheaper. A third 
application may require occasional deep discharges on 
high current, calling for different selection criteria again. 
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Also, as battery technology is constantly progressing, the 
information on a particular type may not be accurate any 
more. Especially for the newer battery types, better 
designs may move a particular battery into applications 
that were out of reach before. 


The following tables should therefore be regarded for 
general comparison reasons only; it is recommended to 
get the latest information directly from the battery 
manufacturer. 
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Non energy cell charge/ self- purch. environment remarks 
rechargeable density voltage disch. discharge cost load 

batt. types Wh/kg ‘ current 

Standard "Dry" 

cell 80 aie: -/mod v. low v.low mod 1 
Alkaline 120 14 ~*~ -/high v.low low mod 2 
Mercury butt. 100 1.3 -/low v.low high high 3 
Zinc/silver bt 120 1.5 -/low v.low high mod 4 
Zinc/air cell 120 4.2 -/low low high mod 4 
Lithium 150 3.0 -/low v.low high depends 5 
Table 2 Comparison of non-rechargeable batteries * Cell voltage is averaged over life 
remarks: 

1 - readily available 

2 - cost effective performer 

3 - not for new applications; environmental hazard 

4 - very constant voltage over life 

5 - for low current over long periods 

Rechargeable energy cell charge/ self- purch. environment char/ 
battery types density voltage disch. discharge cost load disch. 

Wh/kg i current 7 cycles 

Re-ch Alkal. 100 1.3 low/mod v. low low mod low 
NiMH 70 AZ mod/high high high mod mod 
-Re-ch Lithium 120 2.8 low/mod v.low high low high 
Nicad 60 1.2 high/high mod mod high high 

Sid. Lead acid 30 2.0 mod/high mod low high mod 
Table 3 Comparison of rechargeable batteries * Cell voltage is averaged over life 
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GENERAL 


Pager systems are attractive because of their small size, 
their user-friendly way of operation and their long 
operational life on batteries compared to other (wireless) 
ways of communication. 

As this long battery life is related to the power 
consumption of the pager circuit, most pager ICs are 
developed with battery economics in mind. 

As a rule of thumb, circuits that operate on a higher 
frequency will consume more power than low(er) 
frequency circuits. This is one of the reasons way pager 
IC manufacturers are separating the supply to (especially 
pager-) receiver ICs: by carefully optimizing between 
active- and stand-by-periods, high- and low-current 
consumption parts and taking establishment timings into 
account, extra power savings may be possible. 

Although power and power saving are important issues at 
the design of integrated circuits, also the minimum 
operational voltage may be important. This minimum 
voltage will be a factor when the type of battery for the 
pager design is being considered (EMK vs power drain) 
and/or more than one battery element should be used. 
As it turns out, power consumption and battery life 
although being related, are two separate issues that have 
to be calculated independently in every circuit under 
consideration. 

In the following paper, various supply schemes will be 
visited, using realistic assumptions for the circuit 
parameters. 


SUPPLY CONFIGURATIONS 


In this paper we distinguish four different supply 
schemes. These four supply schemes are given as 
examples for comparison reasons only. 


For all these four situations we assume that: 

e pager receiver is UAA2080, pager decoder is 
PCF5001 

e battery voltage is constant over life-time 

e bias currents are independent of supply voltage 


Il - 21 


Pager Applications Handbook 


Supply concepts 
e voltages and currents: 
battery voltage Ubat=1.5V 
battery capacity Cbat = 1000 mAh 


frond-end current lfro = 2 mA via pin 28, 
24/25, 12/13 (H-version) 


decoder + dig. circuits Idig = 60 uA + 140 LA 


(= 200 uA) 
receiver duty-cycle d= 8% 
DC/DC converter eff. n= 70% 
Uout DC/DC converter Uout = 2.2 V 


Supply schemes: 


|: - Two 1.5 V cells; 
- 3 V supply for receiver plus decoder plus other 
dig. circuits 


Il: -One 1.5 V cell and DC/DC converter; 
- 2.2 V supply for receiver plus decoder plus other 
dig. circuits 


lll: -Two1.5Vcells; — 
- 1.5 V for receiver front-end 
- 3.0 V for receiver back-end plus decoder plus 
other dig. circuits 


IV: One 1.5 V cell and DC/DC converter; 
- 1.5 V for receiver front-end 
- 2.2 V for receiver back-end plus decoder plus 
other dig. circuits 


SUPPLY SCHEME 1 


Two 1.5 V cells; 3 V supply for receiver, decoder and 
other circuits, see figure 1. 
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+ RECEIVER < DECORDER 
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Fig. 1 Supply scheme with 3 V for receiver and decoder 
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Power dissipation. 

The power dissipated by the receiver (front-end and 
back-end) plus the power dissipated by the digital circuits 
equals the power delivered by the two batteries. 

The average power consumption of the receiver equals: 
Prec = d * 2*Ubat * (lfro + Iback) = 0.6 mW 

The digital part consumes: 

Pdig = 2*UBat * Idig = 0.6 mW 


The total power dissipation then becomes Prec + Pdig = 
1.20 mW. 


The power delivered by Bat_A (equal to Bat_B): 
PBat_A = Ubat* lbat = 0.6 mW 
Battery life-time. 
The total current through both batteries equals the 
constant current through the digital circuit plus on/off 
switched current of the receiver. Note that the average 
current of the receiver approx. equals the current of the 
digital part! 
IBat_A = IBat_B = lIdig + d*(Ifro + Iback) = 

= 0.2 + 0.08*(2.0+ 0.5) =0.4mA 
From this we calculate the battery life-time: 
Bat_It = Cbat/IBat = 1000 mAh/0.4 mA = 2500 h 
Conclusion 1: 
In a two cell concept with 2 cell supply for the receiver 
front-end the power consumption of the receiver and 
digital parts are approx. the same. The two batteries 


deliver both half the power; both batteries have the same 
life-time. 
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SUPPLY SCHEME Il 


One 1.5 V cell plus a DC/DC convertor. One supply for 
receiver, decoder and other circuits, see figure 2. 
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Fig. 2 Supply scheme with 1.5 V battery 
Power dissipation 


The power dissipated by the receiver (front-end and 
back-end) plus the power dissipated by the digital circuits 
depends on the output voltage Uout of the DC/DC 
converter. Note that the lower Uout, the lower the power 
dissipation of the receiver and digital circuits will be. A 
good choice for Uout = 2.2 V. 


The average power consumption of the receiver equals: 
Prec = d * Ubat * (Ifro + lback) = 0.44 mW 

The digital part consumes: 

Pdig = Uout * Idig = 0.44 mW 


The power delivered by Bat_A equals the power 
delivered to the converter: 


PBat_A = Pconv_in = (Prec + Pdig)/n = 0.88/0.7 = 
=1.26 mW 


Conclusion 2: 


By using a high efficiency (>70%) DC/DC converter with 
low output voltage (<2.2 V) the total power consumption 
is approximately the same as for a two 1.5 V cells, as in 
power supply scheme I. 
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Battery life-time 


The total current through the battery can be calculated 
from the power delivered by this battery. 


IBat_A = PBat_A/UBat = 1.26/1.5=0.85 mA 

From this we calculate the battery life-time: 

Bat_It = Cbat/IBat = 1000 mAh/0.85 mA = 1176 h 
Conclusion 3: 

By using a high efficiency (>70%) DC/DC converter with 
low output voltage (<2.2 V) the battery life-time is 
approximately half the life-time of the two batteries as in 
supply scheme I. 

SUPPLY SCHEME III 

Two 1.5 V cells; 1.5 V for receiver front-end, 3 V for 


receiver back-end plus decoder plus other circuits, see 
figure 3. 
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Fig. 3 Supply scheme using "split-battery" 











Power dissipation 


The total power dissipation is the sum of the power 
dissipated by the receiver front-end and back-end plus 
the power dissipated by the digital circuits. 


Ptot = d*Ubat*lfro + d*2*UBat*lback + 2*UBat*ldig 
= 0.24+ 0.12 + 0.6 = 0.96 mW 


This power is partly delivered by Bat_A and partly by 
BAT_B: 
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PBat_A = UBat* IBat_A = 1.5 * (0.08 * 0.5 + 0.2) 
= 0.36 mW 


PBat_B = UBat*!IBat_B = 1.5*(0.08*2.0 = 0.08*0.5 + 0.2) 
= 0.6 mW 


Conclusion 4: 


By feeding the receiver front-end with 1.5 V instead of 

3 V the total power consumption reduces approx. 20%. 
The power consumption of the digital part becomes more 
dominant. Moreover the current through battery B is 
almost twice the current through battery A. 


Battery life-time 


The total current through both batteries determine the 
battery life-time. 


IBat_A = Idig + d*(Iback) = 0.2 + 0.08*(0.5) = 0.24 mA 


IBat_B = Idig + d*(Ifrot+iback) = 0.2 + 0.08*(2.0+0.5) 
=0.4mA 


From this we calculate the battery life-time: 

Bat_A_It= Cbat/IBat_A = 1000 mAh/0.24 mA = 4166 h 
Bat_B_It= Cbat/IBatB = 1000 mAh/0.4 mA = 2500 h 
Conclusion 5: 


In a two cell supply concept with 1.5 V for the receiver 
front-end the power consumption of the pager is 
significantly smaller then with 3 V at the front-end. 
However, the battery life-time of the most heavily loaded 
battery is equal to the life-time in a conventional 2-cell 
concept as in supply scheme I. 

A 1-Volt front-end saves power, but does not increase 
battery life-time: when one battery is empty, two will be 
replaced! 
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SUPPLY SCHEME IV 


One 1.5 V cell plus DC/DC convertor. 1.5 V for receiver 
front-end, 2 - 3 V for receiver back-end plus decoder plus 
other circuits, 






























see figure 4. 
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Fig. 4 Supply scheme using optimized powering 

Power dissipation 

The power dissipation of the receiver equals the power 
dissipated by the receiver front-end and back-end plus 
the power dissipated by the digital circuits. Losses of the 
DC/DC converter give some additional power 
consumption. 


Pfro - d* Ubat* Ifro = 0.24 mW 


Pout_dc/de = d * Uout * lback + Uout * Idig. 
= 0.528 mW 


The total power delivered by Bat_A equals: 


PBat_A = Pfro + (Pout_dc/dc)/n = 0.24 + 0.528/0.70 


= 0.99 mW 
Conclusion 6: 
The power to be delivered by Bat_A is almost equal to 
the power to be delivered by Bat_A plus Bat_B in a 2-cell, 
1.5 V frond-end concept as in supply scheme III. 


Battery life-time 


The total current through the batteries determines the 
battery life-time. 


IBat_A = PBat_A/ UBat_A = 0.99/1.5 = 0.66 mA 
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From this we calculate the battery life-time: 
Bat_A_It =Cbat/|IBat_A = 1000 mAh/0.66 mA 
= Po lon 


Conclusion 7: 


In a 1-cell supply concept with 1.5 V for the receiver 
front-end the power consumption of the pager is almost 
the same as for a 2-cell supply concept with 1.5 V 
front-end as in supply scheme III. 

The battery life-time of this 1-cell concept (1515 h) is, in 
this example, 17% more than halve the life time of a 
2-cell concept with 1.5 V front-end (2500 h) as in supply 
scheme Ill. 


SUMMARY OF RESULTS 


supply Number of | Power dissipation Effective battery 
scheme cells receiver + dig. life-time 
| 2 1.2 mW 2500 h 
I 1+DC/DC 1.26 mW 1176 h 
I 2 0.96 mW 2500 h 
IV 1+DC/DC 0.99 mW 1515:h 


Conclusion 8: 

Using a 1 V frond-end in a 2-cell supply (scheme III) 
saves power but battery life-time remains the same as for 
a 2-cell supply with 2 V frond-end (scheme |). 

Using a 1 V frond-end in a 1-cell supply scheme with a 
high efficiency (>70%), low voltage (<2.2 V) DC/DC 
converter saves power and increases battery life-time 
(scheme IV). 
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1. FUNDAMENTAL CHARACTERISTICS 
1.1 Input Impedance and Far-field Patterns 


The loop is one of the primary antenna structures; 

its use as a receiving antenna dates back to the early 
experiments of Hertz on the propagation. of 
electromagnetic waves. Today loop antennas have 
important applications as receiving antennas 

because of their 360° radiation pattern, inherent 
frequency selectivity and sensitivity for magnetic fields 
only (less interference). 


Thin wires or similar conductors are bent into the shape 
of a closed curve which may have any regular configu- 
ration. Single loop antennas as well as multi-turn struc- 
tures including a number of overlaying turns are used. 
Loops can be divided into two general classes: 


e those in which both the total conductor length and the 
maximum linear dimension of a turn are very small 
compared with the wavelength 


e those in which both the conductor length and the loop 
dimensions begin to be comparable with the 
wavelength. 





Fig. 1-1 Square loop antenna; a = b = 50 mm, wire radius 
r=0.5 mm. 
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In the first class, the total length of the conductor in the 
loop must not exceed 0.1 A. Beyond this length, the 
current is not the same either in amplitude or 

phase in every part of the loop. This change in current 
distribution gives rise to entirely different properties as 
compared with a small loop. 


The basic characteristics of loop antennas are fully 
described by the input impedance and the radiation 
pattern. In order to give an impression of the wide variety 
for the input impedance and the change in radiation 
patterns for small antennas compared with those up to a 
perimeter length, A, some numerical calculations with 
NEC have been done. 


The Numerical Electromagnetic Code, usually abbre- 
viated to NEC, is a very widely used computer modelling 
technique. It uses an Electric Field Integral Equation 
(EFIE) to model wires and wire-like objects and a 
Magnetic Field Integral Equation (MFIE) for surfaces. 


The input impedance of the square loop shown in Fig. 1-1 
is plotted in Fig. 1-2 as a function of frequency and 
perimeter length J. As can be seen from the figure a first 
resonance occurs at //A = 0.5 (anti resonant point). The 
second resonance phenomenon at //A = 1.09 (resonant 
point) appears slightly outside the frequency range 
shown here. For perimeter lengths below //A = 0.14 the 
input resistance is extremely low (R, < 0.5 Q) and the 
input reactance shows a linear frequency behaviour. The 
input resistance becomes nearly constant (R~100 9) at 
frequencies between the first and the second resonance. 
It obtains a relative maximum near the point of anti 
resonance and a relative minimum near the point of 
resonance. For a one-wavelength perimeter the input 
reactance is relatively small. 
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Fig. 1-2 Input impedance of a square loop antenna (dimensions from Fig. 1-1) as a function of frequency and loop 
perimeter |. Left: Input resistance. Right: Input reactance. 


The radiation patterns of electrically small loop antennas 1.2 Operating Environment 
are insensitive to the loop shape and depend only on the 
loop area. The behaviour of a loop antenna as given in In section 1.1 an introduction on the basic characteristics 
Fig. 1-1 is very similar to that of a magnetic dipole direc- of loop antennas have been given. Those characteristics 
ted normal to the plane of the loop, as shown in Fig. 1-3. have been fully described by the input impedance and 
As with magnetic dipoles the radiation pattern shows its the radiation patterns as a function of frequency. The 
maximum in the plane of the loop and is zero along its operating environment for the calculations was assumed 
axis. These facts follow directly from the current ampli- to be free space. In pager applications the loop antenna 
tude and phase being constant over the loop, which in is often mounted ona printed circuit board which itself is 
turn is due to the loop being electrically small. surrounded by a dielectric housing. In addition, most of 
the time the pager is used in close proximity to the 
Only in case of electrically large loops with a perimeter human body. Therefore changes in the loop characte- 
comparable to A/2 or A, the radiation patterns become ristics due to this kind of operating environment can be 
sensitive to the shape of the loop and the location of the divided into two classes: 


feeding point. 
,z |. Effects on the input impedance and radiation pattern 


due to nearby metal parts which cnange the electro- 
Vii His SQ magnetic field surrounding the loop and gives 
i: 
\ 
LA i ante 










y additional loss effects. 
ll. Effects caused by the presence of the human body. 


Both are disturbing the mode of operation of the loop 
antenna as a receiving system but can also be used to 
improve the overall performance of the pager system. In 
order to use the effects this way they shall be empha- 
Fig. 1-3 Typical radiation pattern of an electrically small sised and discussed in the following paragraphs. 

loop antenna, scaled in dB. 
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As has been described above, loop antennas are often 
mounted on printed circuit boards. In a modelling 
process, the board can be seen as a metallized plane. 
The arrangement under numerical investigation is shown 
schematically in Fig. 1-4. 


/ ‘ ri 














Fig. 1-4 Square loop antenna parallel to an ideal conduc- 
ting plate at spacing d; 
a=b=50mm, a’ =b'= 100 mn, wire radius r= 0.5 mm. 
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Fig. 1-5 Input resistance of a square loop antenna parallel 


to an ideal conducting plate (dimensions from Fig. 1-4) as 
a function of frequency and spacing d. 
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Fig. 1-6 Input reactance of a square loop antenna parallel 
to an ideal conducting plate (dimensions from Fig. 1-4) as 
a function of frequency and spacing d. 


The curves in Fig. 1-5 and Fig. 1-6 give an impression of 
the changes in the input impedance of a loop antenna 
due to the presence of a conducting plate (with ideal 
metallization). As can be seen from the plots the resistive 
part of the input impedance decreases strongly for small 
values of the distance d. 


In the calculation the real part of the impedance is only 
determined by the radiation resistance. The reduction of 
the radiation resistance can be considered as a reduction 
of the effective antenna area by the conducting plate. 
Loss effects such as non-ideal metallization of the wire or 
the plate have not been taken into account. 


The presence of the ground plane beneath the loop also 
causes a decrease in the reactive part of the input 
impedance. Reactance changes of about 25% may be 
observed at a frequency of 500 MHz. 


For the inductance the ground plane effect can be 
explained by applying the method of current images. 
Assuming the ground plane being extended to infinity, it 
causes the same effect as a second loop at two "ground- 
plane spacings" below the actual loop. The image is the 
reflection of the loop antenna with current flowing in the 
opposite direction. The opposing current introduces a 
negative mutual inductance which creates a reduction in 
the net inductance of the original loop and its image. 
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Beside the changes in loop characteristics due to the 
printed circuit board and the housing of the pager, 
influences due to the proximity of the human body are 
also important. Measurements from literature show that 
the human body has a near-constant conductance over 
the frequency range up to 500 MHz. 


Experiments on the body effect are mostly done using a 
very simple "body" model, the salt pillar. It consists of a 
plastic tube of 300 mm diameter, 1.7 m high, filled with 
salt water. From an electrical point of view the body 
model is a dielectric resonator of cylindrical shape 
homogeneously filled with a lossy dielectric. 


Fig. 1-7 compares the input impedance of a loop antenna 
in free space with one mounted on a salt pillar. The 
proximity of the human body causes a frequency 
dependent increase in the resistive part. As could be 
expected only changes in the real part of the input 
impedance were found. The imaginary part is mainly 
caused by the loop inductance and the magnetic field 
components are not influenced by a nearby dielectric. 
From the measurements it is impossible to split up the 
resistance into a part from the radiation and a part 
representing the dielectric losses inside the salt pillar. 


Radiation patterns of loop antennas attached to the 
"pody" model and some results on pager receiver 
sensitivity while mounted on the salt pillar will be 
described at the end of chapter 3.1. However it should be 
mentioned that it is difficult to summarise the effect of the 
human body on the radiation pattern. Depending on the 
frequency of operation the body acts as a director ora 
reflector. In addition the body can polarize the signal from 
the ground station in a way that a best possible choice for 
the orientation of the loop antenna with respect to the 
body becomes possible. 
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Fig. 1-7 Input resistance of a square loop antenna in free 
space in comparison with a loop of the same size 
mounted vertically on a salt pillar; rectangular shaped 
(25 x 50 mm) single turn loop, wire radius r = 0.5 mm 
(Fig. 1-4), spacing to the salt pillar d = 2 mm, loop plane 
perpendicular to the pillar. 


2. APPROXIMATING DESCRIPTION 
2.1 Input Impedance 


The input impedance is a very important parameter for 
the design of the antenna. Although available numerical 
techniques can be used to calculate the input impedance 
Z_, Of a loop antenna, during optimisation approximating 
formulas are needed to determine the input impedance. 
The equivalent circuit for the input impedance of a loop 


antenna is shown in Fig. 2-1. 
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Fig. 2-1 Equivalent circuit for the input impedance of a 
loop antenna. 


2.1.1 Loops with Circular Cross Section Wire 


The formulas used to calculate all antenna parameters 
have been implemented in the PALOMA software 
package The antenna model comprises outer parameters 
corresponding to a lossless wire (radiation resistance R,, 
and antenna inductance L, .) and inner parameters 
representing losses caused by skin and proximity effects 
(described by R, and an additional inductance). 


The equations and formulas are based on the physical 
understanding of all electromagnetic effects related to 
rectangular loops formed by wires with a circular cross 
section. The algorithm handles single as well as multiturn 
loop antennas and supports both corner and centre 
excitation. All mutual coupling effects between adjacent 
turns and wire radius effects are included. As mentioned 
above the main part is based on a physical interpretation 
of all those effects. Only a few parameters were obtained 
by curve fitting from results of numerical simulations 
(using the NEC program). 


For the special case of small rectangular loops with an 
effective wire length /= 2 (a+b) n? < 0.1 A, neglecting the 
influence of the skin effect on the antenna inductance 
and the effect of centre excitation, the approximating 
formulas used in PALOMA reduce to: 
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pe = ——312002(abn)* 
R 
x cos 2 ne+?))| aos 
A 
and 
1. te{ron(e) >) 2 Coa soe) 
ant TT a cos an MP) 
r 
Eq. 2-2 


where R,, is the radiation resistance, L,, the antenna 
inductance, a and b are the side lengths (with b = a), nis 
the number of loop turns made from a wire with radius r, 


and A is the wavelength. 
2.1.2 Strip Antennas 


The approximating formulas defined by Eqs. 2.1 and 2.2 
are related to wires of circular cross section with radius r. 
As far as the impedance characteristics and radiation 
patterns are concerned, a thin strip is equivalent to a 
cylindrical wire with an equivalent radius r,,. The 
equivalent radius of many simply shaped cross sections 
can be found by the method of conformal mapping. The 
mapping for a wire with rectangular cross section is 
displayed graphically in Fig. 2-2. 


ogee 3 








> 





Fig. 2-2 Mapping of a rectangular onto a circular cross 
section of equivalent radius Daas Note: drawing not to 
scale. 


The equivalent radius r,, can be calculated as follows. 
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Eq. 2-3 


eq = Al a “1 +1n( =) 
4 Tw t 


2.1.3 SLMW Antennas 


In order to minimize the antenna losses a sophisticated 
concept of a special antenna will be discussed in 
Section 4.4.1. This antenna type shall be referred to as 
Single Loop Multi Wire (abbreviated SLMW) throughout 
this document. 


As shown in Fig 4.22 the rectangular strip of a single turn 
loop may be replaced by a number of parallel cylindrical 
wires. In that case it is possible to interpret the parallel 
wires as a solid metal strip. This is demonstrated in 

Fig. 2-3. Now Eq.2.3 again can be used to calculate the 
equivalent radius base 


eal 
z 








Fig. 2-3 Mapping of a SLMW structure onto a cylindrical 
section of equivalent radius r,,. Note: drawing not to 
scale. 


2.1.4 Single Turn Loops 


Input impedances of perfectly conducting single loop 
antennas are shown in Fig. 2-4 as a function of 
frequency. For this analysis all antennas have the same 
loop area a x b = 2500 mm’. 


Starting with a square shape of dimensions 

a =b = 50 mn, the ratio of b/a has been varied from a 
factor 1 to 5. The resonance frequency decreases from 
f_. = 750 MHz for a perimeter length /= 200 mm to a 


res 


value of f,, = 560 MHz for / = 268 mm. Note that the 


presence of a conducting piane or PCB (printed circuit 
board) causes f,., to decrease even more. 


Depending on the excitation source location different 
impedances can be obtained. 
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Corner excited loops show slightly higher values for the 
external inductance, which may become important during 
the design of the antenna matching network. As can be 
expected from the loop geometries, results for corner 
excitation and for centre excitation at the shorter side 
become very similar with increasing values of b/a. 


Because of skin effect losses in the wire due to non-ideal 
metallization the efficiency of loop antennas is generally 
small. Therefore improvement of the radiation resistance 
R, may result in better efficiency. This leads to a require- 
ment for loop areas which are as large as possible. Fora 
constant loop area variation of the ratio b/a > 1 directly 
leads to a larger perimeter, which in turn gives higher 
values for the resistance R,. Depending on the wire 
radius an optimal choice for the rectangular shape 
becomes possible. 


2.1.5 Multi-Turn Loops 


For the multi-turn structures shown in Fig. 2-5 the axial 
distance d between successive turns is varied in three 
steps: d = 10, 5 and 2 mm. The first resonance changes 
to lower values for decreasing distances d. This effect 
can be explained by the increasing electromagnetic 
coupling between the turns which gives rise to a 
capacitive effect. This capacitance may be assumed to 
be parallel to Z,, in-Fig. 2-1. 


In order to give a very simple model for multi-turn loops 
the mutual coupling effects have been incorporated in the 
inductive part of the formulas implemented in PALOMA. 
As can be seen from the following figures there is good 
agreement between results from the approximation 
formulas and the numerical simulations using the NEC 
program, up to the first resonance. 
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c) b/a=5,a=22.4mm, b= 111.8 mm 


Fig. 2-4 Calculated input impedance of a rectangular 


shaped single turn loop antenna as a function of Case 1: centre excitation at the longer side. 
frequency; wire radius r = 0.5 mm. Case 2: centre excitation at the shorter side. 
Left: input resistance. Right: input reactance. Case 3: corner excitation. 
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(a) Axial distance between successive turns d = 10 mm 
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(b) Axial distance between successive turns d = 5 mm. 
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(c) Axial distance between successive turns d = 2 mm. 


Fig. 2-5 Calculated input impedance of a 4-turn Left : Input resistance. 

rectangular shaped loop antenna as a function of Right : Input reactance. 

frequency; Num. : Numerical simulation results using the NEC 
b/a = 5,a=10mm, b=50 mn, wire radius r= 0.5 mm. program. 

Varied: axial distance between successive turns: Approx.: Results using the approximating formulas. 


d=10mm, 5mm and 2mm. 
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2.2 Wire Losses due to Skin Effect 


Skin effect may cause a large change in the resistance 
R, of the conductor, since it effectively reduces the cross 
section area of the current path. If the frequency 
increases to infinity, so does the resistance. At any given 
frequency, a cylindrical conductor may be regarded as a 
tube whose outer diameter is that of the wire and whose 
thickness is directly related to the effective penetration 
depth of the current into the conductor. 


2.2.1 Loop Wire with Circular Cross Section © 
For a cylindrical conductor with specific conductivity o, 


after introducing the skin depth 4, the ratio x and the 
resistance R,.,... 


1 r 2n(a+b 
= Ta ae Roc.eys = aa) Eq. 2-4 
a Tf WK 20 Kqr 


R, can be given approximately by the following simple 
expressions 


for x <1 
Eq. 2-5 


for x >1 


Furthermore, in PALOMA a small additional inductance L, 
due to the skin effect is taken into account. The depen- 
dence of these two variables (R, and L,) on x from Eq. 
2.4 is shown in Fig. 2-6 in terms of impedance ratios. 


2.2.2 Loop Wire with Rectangular Cross Section 


For wires with a rectangular cross section a very simple 
expression for the internal impedance can be obtained. 
Based on the geometrical definitions in Fig. 2-2 and 
assuming w > t without losing generality, the internal 
resistance is defined for skin depths d while keeping 

db << tby. 
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3 
r/(26) 


Fig. 2-6 Internal impedance per unit length of a cylindrical 
wire as a function of x =r / (28) with wire radius r and skin 
depth 6. 
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2n(a+b) 
DC,rec aa Kwt Eq. 2-6 
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Sie cgey oll tere Eq. 2-7 
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The correction factor K_,, is illustrated in Fig. 2-7. 


skin 


2.2 


K skin 





1 | . 10 
| | w/t 
Fig. 2-7 The parameter K,,,, as a function of the 
dimensions of the cross section. 


Philips Semiconductors 


Pager receivers 


2.2.3 Proximity Effect In Multi-Loop Antennas 


For multi-loop or SLMW antennas, the current distribution . 


in each loop is affected by the magnetic flux produced by 
the adjacent loops, as well as by the magnetic flux 
produced by itself. This effect causes the loss resistance 
of such structures to be higher than the’value calculated 
with the above equations. This loss increase is expressed 
by the proximity factor F., which is also included in 
PALOMA. 


3. EXPERIMENTAL ANALYSIS 
3.1 Impedance of Loop Antennas 
3.1.1 Measurement Technique 


The impedance measurement of antennas is straight- 
forward using a network analyser with calibration 
technique. Measuring the real part of the impedance of 
pager loop antennas is a much more difficult problem. 
Since theoretical study shows that loop antennas for 
pager applications have a high quality factor Q, the 
results of the impedance measurements are very 
sensitive to losses caused by the measurement set-up 
and the antenna connections. Best results were achieved 
using an image plane and measuring only one half of a 
loop (see Fig. 3-1). The antenna can be fed directly by 
means of a coaxial cable. The impedance of a full loop 
antenna is given as twice the measured impedance for 
the half loop. 







half loop Re. 


conducting plate 
(amage plane) 


ae 


ia x 


\ 


a coaxial 
ee connector 


Fig. 3-1 Image plane technique used to measure the input 
impedance of loop antennas. 
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3.1.2 Fundamental Impedance Characteristics 


Fig. 3-2 and Fig. 3-3 show the measured real and 
imaginary parts of the input impedance of a rectangular 
loop antenna and the quality factor Q, defined by. 


1 


O-= a 


Re(Z) 





Eq. 3-1 


The loop inductance found shows good agreement with 
the theory. The agreement is much less for the real part 
of the impedance. Since pager loop antennas have a 
very high Q, this dif ference can be explained by external 
losses in the measurement set-up. Examples are losses 
in the image plane, losses at the soldering connections to 
the antenna or secondary radiation at the connector. 


400 ; 
imag (Z) : : 
G 300 Ore aes |.) || eee en Aa 
aie —+-— theory 
v : 
we 
| 
= : : e 
= 200 ee 
= s 
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Z, 
E 00 
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3 f 9 ; ie ) 
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Fig. 3-2 Theoretical and measured input impedance of a 
rectangular loop antenna (60 x 10 mm loop, wire 
r = 0.5 mm). Left: imaginary part, right: real part. 
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Fig. 3-3 Theoretical and measured quality factor Q ofa 
rectangular loop antenna (60 x 10 mm loop, wire radius 
r=0.5 mm). 


3.1.3 Different Loop Materials 


The loop material is an important cost factor for pagers. 
As expected different loop materials result in a change of 
the real part of the input impedance. Fig. 3-4 shows that 
this change depends not only on the material but also on 
the diameter of the wire. The different impedances are 
given in Table 3-1 for some typical pager frequencies. 


No great influence can be observed on the imaginary part 
of the input impedance. However, a larger wire radius 
gives a smaller inductance in accordance with Eq.2.2. 
The use of materials like Fe or Ni which show additional 
magnetic losses is not advised. 
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Fig. 3-4 Measured real part of the input impedance of a 
rectangular loop antenna with different loop materials 
(50 x 25 mm loop, wire radius r = 0.5 mm) 


TABLE 3-1 Input Impedance for Different Loops 
f=173MHz f=288MHz #-470MHz 

Material RJD at /2 RJ LJ 8 OL Je 
Copper Imm 0.376 117 0.791 204 2.508 Std 
Copper 0.8mm 0.462 128 0.838 223 3.336 416 
Silver Imm 0.465 416 1.192 196 2.078 345 
AluminiumImm 0.520.119 0.963 207 3.118 384 
Brass 0.8mm 0.829 129 1.447 224 4.274 416 


Rectangular loop (50 x 25 mm, wire radius 0.5 mm) 
3.1.4 Loop Antennas Over Board 


The normal application for loop antennas is the use over 
or near a PCB (printed circuit board). The theoretical 
analysis in Section 1.2 has shown, that an important 
change of the loop impedance can be expected when the 
loop is mounted parallel to a board. For smaller distances 
between the antenna and a conducting layer the loop 
inductance becomes smaller and the losses (R, ) higher. 


For higher frequencies the change of the radiation 
resistance R,, dominates the opposite change in losses. 
This results in a minimum of the real part of the impe- 
dance for 5 mm board distance and a frequency of 

470 MHz, as shown in Fig. 3-5. 
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The conducting board from Fig. 3-5 consisted of a fully 
metallized PCB board with the conducting side facing the 
loop antenna. For the frequencies used this is equi-valent 
to an all-metal plate. 


Input impedance/ £2 








Distance / mm 


Fig. 3-5 Measured real part of the input impedance of a 
rectangular loop antenna over a conducting board, for 
typical pager frequencies(50 x 25 mm loop, wire radius 
tie Ob mim). 
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mei tee ERA 


Input Impedance/ © — 
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Fig. 3-6 Measured imaginary part of the input impedance 
of a rectangular loop antenna over a PCB board for 
different board materials (50 x 25 mm loop, wire radius 
P05: mm, f= 173-MAZ): 
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From the point of view of the pager design it is very 
important to know the influence of the board material on 
the losses of the loop antenna. Fig. 3-6 snows the 
change of the loop impedance for different board 
materials. Here FR4+conducting board (FR4 is the 
standard substrate for PCBs) means PCB board, 
metallized on one side, the conducting side facing away 
from the loop. The increase of the loop losses is caused 
by the presence of a conducting board close to the 
antenna and is not due to dielectric losses in the PCB. 
A comparison of different board metallizations shows only 
a small effect on the antenna losses. 


3.1.5 Loop Antenna on a Salt Pillar 


The most realistic case of impedance characterisation of 
a pager loop antenna is the measurement on a salt pillar. 
This shows the influence of a simulated human body on 
the impedance of loop antennas. The salt pillar used for 
these measurements was based on German PTT 
regulations for pager tests. The salt pillar has a height of 
1.7m and a diameter of 0.3 m. It is a dielectric cylinder 
containing a salt water solution with a concentration of 
1.49 g NaCl per litre. 


Problems arise when trying to use the image plane 
technique for impedance measurements near the salt 
pillar. The image plane can only be realized on one side 
of the antenna because it is necessary to bring the 
antenna as close as possible to the salt pillar. This is why 
the results cannot be compared to the measurements 
using a full image plane but only show the relative 
change due to the salt pillar. 


The impedance characteristics given in Fig. 3-7 and 

Fig. 3-8 show a comparison between a 50 x 25 mm loop 
antenna on the pillar with and without salt water inside. 
Since water can be regarded as a lossy dielectric, the 
influence of the body can only be seen in the real part of 
the input impedance. The characteristics show two to 
three times higher losses of the loop at UHF frequencies 
due to the presence of the salt pillar. 
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Frequency {/ MHz 


Fig. 3-7 Measured real part of the input impedance of 
rectangular loop antenna (50 x 25 mm loop, wire radius 
r= 0.5 mm) vertically mounted on a salt pillar, with the 
antenna plane perpendicular to the salt pillar surface. 


The characteristic of Fig. 3-7 was measured with the loop 
mounted in a vertical position, while for Fig. 3-8 the loop 
was mounted in a flat position. A comparison of the 
measured impedances in Table 3-2 shows, that the 
losses due to the salt pillar are somewhat higher for the 
flat position. 


8173 MHz 


Position ASQ VE. /2 
vertical without salt pillar 0.3932 116.60 
with salt pillar 0.5026 116.32 
flat without salt pillar 0.4048 119.44 
with salt pillar 0.8228 119.75 


TABLE 3-2 Input Impedance on a Salt Pillar 
3.2 Sensitivity Measurement 


The sensitivity measurements were carried out with 
Philips UAA2080T pager receiver demonstration boards 
at the frequencies 172.941 MHz, 288.234 MHz and 
469.950 MHz. 


After removing the 50 Q-connector and the matching 
network an extra PCB was used to realise the loop 
antenna and the antenna matching network. Small wires 
were soldered to contact the additional PCB io the pager 
demonstration board. 
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Fig. 3-8 Measured real part of the input impedance of 
rectangular loop antenna (50 x 25 mm loop, wire radius 
r= 0.5 mm) mounted flat on a salt pillar, with the 
antenna plane parallel to the salt pillar surface. 


f=288 MHz f=470 MHz 
Fe /Ge VL ed $2 A/a VL ed $2 
0.7954 201.35 1.9657 366.49 
1.2330 201.43 4.5437 368.27 
0.8970 206.99 3.8417 381.93 
2.6548 208.35 13.6077 387.53 


Rectangular loop (50 x 25 mm, wire radius r = 0,5 mm) 


A BER (Bit Error Rate) measurement system from Philips 
was used to measure the bit error rate for a defined field 
strength. The sensitivity of the pager board was defined 
as the measured field strength for a 3% bit error rate. For 
all measurements the digital filter on the BER-board was 
used. This digital filter corresponds with the one built into 
the Philips pager decoders and improves the sensitivity. 


Two forms of measurements were used to characterize 
the sensitivity of different antenna structures and 
matching networks: 
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. The free space sensitivity measurement was carried 
out in a strip-line cell (so-called "TEM cell"). 
The dimensions of the homogenous field were 
20 cm x 20 cm x 20 cm. To obtain optimum coupling 
with the magnetic field inside the cell the loop was 
aligned as shown in Fig. 3-9. 


. At the salt pillar the sensitivity was measured in an 
outdoor range because of the large dimension of the 
salt pillar. A stepper positioner was used to turn the 
salt pillar to the 8 positions necessary for the standard 
sensitivity tests of pagers. 


The field inside the strip-line cell and in the outdoor range 
was Calibrated relative to the input power using a 
calibrated H-field sensor and a spectrum analyser. 
Results of sensitivity measurements in the TEM cell are 
given in Section 4.4.1 and Section 4.5. 


The following pages show the sensitivity of the pager 
board on a salt pillar for different antenna positions and 
measurement angles to the salt pillar. Fig. 3-10 shows for 
f = 173 MHz typical far-field sensitivity characteristics of a 
loop antenna in horizontal and flat position relative to the 
pillar. To obtain an easy graphical representation the 
sensitivity has Deen plotted as negative values: a large 
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circle now corresponds to a high sensitivity. The sensi- 
tivity in dB uV/m can be read from the graph by dis- 
regarding the sign of the plotted values. A significant rise 
and change in shape of the sensitivity characteristic can 
be observed for a vertical orientation of the loop. This 
vertical orientation seems to be the optimum orientation 
of the loop relative to the salt pillar for achieving the 
highest pager sensitivity. 














Fig. 3-9 Antenna position relative to the field polarisation 
in the TEM cell. 
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Fig. 3-10 Sensitivity characteristic of a rectangular loop antenna for different positions on a salt pillar. To find the 
sensitivity in dB uV/m disregard the negative sign(50 x 25 mm loop, wire radius r = 0.5 mm, f = 172.941 MHz). 
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4. SYSTEM ASPECTS 
4.1 Antenna Noise Figure and LNA Noise Properties 


The network topology of a low-noise receiver system with 
a loop antenna and a noise matching network (NMN) is 
shown in Fig. 4-1. The equivalent circuit for a loop 
antenna consists of a generator with an internal 
resistance R,, describing the power dissipation due to 
radiation, an inductance L,, and a resistance R, 
describing the losses (AL: antenna losses) in the 
antenna which are mainly caused by the skin effect. The 
LNA is the balanced RF amplifier of the UAA2080 pager 
receiver. 




















NMN+AL = 
en j f opt 
pies eatin ntatens feeding NMN 
pm | : _ 
| $NA pe pee ee 4s | 
' | 2 ! : | 
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t : : [ : | * 
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| 7 | Cram = Ge Cee: | LNA >be 
' : | } : : w 
| | : { ; 1 ye l 
oe ee 2Cin I a 
= ome pt Op 
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\ 
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Fig. 4-1 The network topolcgy 





f/ MHz Real Vase) Reall( Yose ainaid 
173 0.556 mS 0.169 mS 
288 0.587 mS 0.216 mS 
470 0.665 mS 0.340 mS 


Pager Applications Handbook 


Antenna aspects 


Some examples of the dependency of these elements on 
the loop area are shown in Fig. 4-2 to Fig. 4-10. The 
inductance L,,, as well as the resistance R, increase with 


the loop area. High values for R, improve the antenna 
efficiency and also the antenna noise figure F., 


Rar 
Foo=1+—4+—_ ’ Eq. 4-1 
ant TR, 290K | : 


where T is the ambient temperature. The advantage of 
high R, values is combined with the disadvantage of 
large L,, which might require very small and impractical 
values for capacitors C,, or C_. For noise or gain 
matching the admittance Y of the NMN+AL must be 
equal to Y,,, seen by the LNA. Fig. 4-11 shows the 
dependence of the optinum admittance on the 
resistance R, (R, is determining the overall current of the 
LNA). The corresponding normalised noise resistance R_ 
and minimum noise figure F__ of the LNA is given in 

Fig. 4-12. In case of R,= 330 Q itis: 





Im ag( Weta) imag( Ve onew) 
-0.413 mS -0.684 mS 
-0.687 mS -1.139 mS 
-1.121 mS -1.859 mS 


Tab. 4.1 Optimum LNA Matching Admittance (Noise and Power) 
The subscript “opt_Fmin" refers to the minimal noise figure and "opt_Gmax" stands for maximum gain of the LNA. 
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Fig. 4-2 Inductance of a single loop at f = 173 MHz. Fig. 4-3 Radiation resistance of a single loop at 
f= 173 MHz. 
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Fig. 4-4 Antenna noise figure of a single loop at 
f = 173 MHz. 
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Fig. 4-5 Inductance of a single loop at f = 288 MHz. 
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Fig. 4-7 Antenna noise figure of a single loop at 
f = 288 MHz. 
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Fig. 4-6 Radiation resistance of a single loop at 
f = 288 MHz. 
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Fig. 4-8 Inductance of a single loop at f = 470 MHz. Fig. 4-9 Radiation resistance for a single loop at 
f = 470 MHz. 
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Fig. 4-10 Antenna noise figure of a single loop at 
f = 470 MHz. 
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Fig. 4-11 The optimum NMN output admittance seen by 
the LNA to achieve the minimum noise figure F_._. Solid 
line: f = 470 MHz, dashed line: f = 288 MHz and 
dot-dashed line: f = 173 MHz. 


4.2 Pager Sensitivity 


The signal-to-noise ratio at the input of the demodulator 
is responsible for the bit error rate of the digital output. 
For a bit error rate of 3% a S/N ratio of at least 1 dB at 
the input of the demodulator is required. In fact we have 


in 





Eq. 4-2 


F systeem_TA, 


2h 


in 


describing the pager from the antenna to the demodulator 
input, with S, representing the input signal power. The 
input noise power N._ at the antenna with the bandwidth 
Af and the antenna radiation resistance R, is . 


NN Hot Roy. Eq. 4-3 


This noise power as well as the noise factor F, .... +, are 
dependent on the antenna noise temperature Te This is 
due to the fact, that the noise figure is defined for a 
generator temperature of 290 K, whereas the antenna 
acts as a generator with a strongly frequency dependent 
temperature. 
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Fig. 4-12 The LNA minimum noise figure F_.. and the 
noise resistance R_. 


T, is influenced by the environmental properties of the 
outer space. In Fig. 4-13 its variation and frequency 
dependency are shown. The minimum value may be 
obtained for an elevation angle of 90° during the night, 
whereas the other line (labelled 'max') indicates the more 
realistic situation in a pager, when the antenna is able to 
"see" the horizon. Furthermore the warm earth and the 
sun create additional noise. The antenna noise tempera- 
ture varies approximately as: 





2.5 
ee Eq. 4-4 


r, “1.39 


Philips Semiconductors 


Pager Applications Handbook 





Pager receivers 


Antenna aspects 











| 4 galactic x 
noise 

bee PN, a 

NO : 
C 192 \ max —P \ 
+ e— min : c 
ian) 6 Xe \ a 
t. ; 4 
S « ‘ 7 1 
i ss “ * 
faci 
c 
c 
ib) 
4 
eC 
um 






cosmic 
background 


O72: 0.3. -0,5 1 2 


frequency Ff 











GHz 


3456 8 20 





Fig. 4-13 The antenna noise temperature versus 
frequency due to environment. 


The system noise factor F......,, depends on the losses in 
the noise matching network NMN+AL, the LNA and the 
post-LNA network. In our consideration the NMN+AL 
network includes the antenna losses which are mainly 
caused by the skin effect. Since the source (the antenna) 
is not at the temperature of 290 K, we have to transform 
the noise figure using. 





290K 
= 1) — 


1+(F Eq. 4-5 


er = system 


In order to discuss the influence of the different parts of 
the overall system, we have to look at the following 
relation. 


4 Pica 4 ieee ae Eq. 4-6 


system ~ FMINGAL 


GyMN+AL Gina Guinea 

By using these equations, it is possible to determine the 
minimum signal power S which is necessary to realize a 
signal to noise ratio S/N equal to 1 dB at the end of 

the receiver (call success rate = 80%). The next figures 
show S._ and the sensitivity E..., of the pager versus the 
losses in the NMN+AL network. This calculation is useful, 
because the properties of the first stage of the 
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system are important with respect to the system noise 
figure. The relation between the effective electric field 








strength E.,,, at a lossless antenna and the power S,_ is 
Z, Oil Ceca R 
sens ~ “15 with Co = Ro Eq. 4-7 
\ ee Iai 
TU 


In this formula R,, is the radiation resistance resulting 
from Eq. 2-1, while R,,_., is the radiation resistance for 
very small antennas, calculated as follows: 


Je 
ya 


with s=a-b representing the loop area in cm? and n the 
number of turns (for multi-loops). 


ST 


2 
cm 





1.8850: 10° 


sn Eq. 4-8 





0.2657: 103 
Lem 


R 


small = 2 


SH 


2 
cm. 





0.0346 - io 
\ 


The relation between Esens and Sin becomes 
geometrically independent for very small antennas, i.e. 
Ro=R,,, Very small antennas have an effective wire 
length / = 2-(a+b)-n? < 0.05 AX. In that case it is possible to 
give a relation between the pager sensitivity E,,. and 

the losses and noise figure of the noise matching network 
NMN+AL including the losses in the antenna, as shown 


in Fig. 4-1. 


For these calculations it was assumed that the output 
impedance of the NMN network is the optimum choice 
with respect to the maximum gain of the LNA with 

Pac 1 Game: WICH Is valid only for matched nei- 
works. In general, the noise figure and the gain of the 


LNA depend on the noise matching network. 


In Fig. 4.14 to 4.19 some calculations have been 
performed for a minimum S/N-ratio of 1 dB as a function 
of antenna temperature and frequency. For the 
calculations see Section 4.2.1. 
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Fig. 4-14 The minimum input signal power in order to 
realise S/N > 1 GB for different antenna temperatures at 
f= 173 MHz. 
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Fig. 4-16 The minimum input signal power in order to 
realise S/N > 1 GB for different antenna temperatures at 
f = 288 MHz. 
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Fig. 4-15 The minimum electric field at the antenna in 
order to realise S/N = 1 GB for different antenna 
temperatures at f= 173 MHz. 
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Fig. 4-17 The minimum electric field at the antenna in 
order to realise S/N 2 1 dB for different antenna 


temperatures at f = 288 MHz. 
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Fig. 4-18 The minimum input signal power in order to 
realise S/N > 1 GB for different antenna temperatures at 
f = 470 MHz. 
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Fig. 4-19 The minimum electric field at the antenna in 
order to realise S/N = 1 dB for different antenna 
temperatures at f = 470 MHz. 


4.2.1 Pager Sensitivity Calculation Procedure 
In general, determining the pager sensitivity using Eq. 4-6 
requires the knowledge of losses in the antenna, in the 


NMN, matching conditions between antenna and NMN as 
well as between LNA and NMN. In order to avoid large 
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effort in calculation the following approximation may be 
used: 


1. Calculate the losses of the NMN+AL network and set 
Fin = 1 / Gyan.al: In case of C,.=0 the following 
approximation holds (where T is the ambient 
temperature and RF, the loss resistance of the non- 
tuneable capacitors in the NMN, see Fig. 4-20) . 


(R, +2R,,)-T 
R, -290K 


Eq. 4-9 


1/ Gunns at ~ FNMN+AL is | 


2. Extract from Fig. 4-15, Fig. 4-17 and Fig. 4-19 the 
pager sensitivity Esens for small loops. 


3. Calculate the correction factor from Eq. 4-7, using R,, 
from Eq. 2-1 and R___, from Eq. 4-8. 


small 


value obtained 


sens 


4. Add this correction (in dB) to the E 
in step 2. 


4.3 Input Noise Matching. Network 


The noise figure of the NMN+AL network depends on 
losses in the antenna. R, describes those losses which 
are mainly due to the skin effect. Further losses exist 

due to the finite quality. of the elements in the input 
matching network. They-are modelled by resistance R., 
for non-tuneable capacitors and by R.,, for tuneable 
capacitors (see Fig. 4-20). It was found, that for most 
SMD capacitors the losses are well-described by a series 
resistor which is capacitance independent. 


It is useful to analyze a noise matching network like the 
one given in Fig. 4-20. It shows a capacitive trans- 
formation of the low radiation resistance R,, to the high 
input resistance of the LNA. In general an inductive 
transformation would give higher losses because of the 
lower quality factors of inductors in comparison with 
Capacitors. 
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Fig. 4-20 The input noise matching network topology 


Noise or gain matching means, that the output 
admittance Y of the NMN-+AL is equal to Y oot (for noise 
respectively gain) seen by the LNA. With the knowledge 
of the real part and the imaginary part of Y oot the antenna 
data, C,, and the quality factors of the capacitances, it 
becomes possible to calculate the capacitances C, and 
C,_ forming the NMN. The network does not contain any 
parasitic board capacitance, so the calculated C, must be 
reduced by =1.5 pF. The presence of an antenna feed 
(see Ch. 4.3.2) can have a great influence on the 
matching network optimum values of C, and C, and must 
also be taken into account. 


4.3.1 Calculation of NMN Elements 


In order to calculate the capacitances of the NMN 
network it is necessary to analyse the topology given in 
Fig. 4-20. In case of C,, = 0, R,, = 0 and no antenna feed 
the following relations with R. = R,+R, +2R,, can be used 
to determine C,, and C,, 





[Re( Yon. cmax)(R. + 0°E;.) | C2 = 2Re[ Yon cmax)* Cin + Reeve) -( 
Eq. 4-10 
Im(Yoo cmax) C,,|I _ (@°C, Lx) 
C= - _ 
@ (oC, RY +[1-(0°C, Lon) Eq. 4-11 
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4.3.2 Calculation of Feed Elements 


As illustrated in Fig. 4-21 it can sometimes be necessary 
or useful to have an antenna feed which consists of a two 
parallel lines with the length /, and the distance d.. 
Especially the capacitance created by such a feed must 
be taken into account. Using the transmission line 
formula for round parallel wires in air 


2 
7, = 7 de (4) | 
Tt 2r 2r 
the feeding capacitance C, and inductance L, are obtained 
by 


Eq. 4-12 


l LZ. 
C,=— and L,=t—. 


L© tight Chight 





Eq. 4-13 


If the feed elements are realised as PCB tracks or using 
a conductor with a different cross-section from the 
antenna, C, and L, must be corrected accordingly. 








Fig. 4-21 Antenna feed geometry. 
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4.4 Antenna Design 
4.4.1 Reducing Antenna Losses 


Considering the quality of the capacitors used in the NMN 
network, it is only useful to focus effort on improving 
antennas when the antenna losses are dominant. When 
C_, in Fig. 4-20 is zero it makes no sense to reduce the 
antenna losses R, when low quality capacitors with 


R., >> R, are used at the same time (see Eq.4-9). 





ee ee ee ee 


strip antenna 


Fig. 4-22 Antennas with reduced skin effect losses 


Reducing antenna losses requires a larger surface of the 
wire metallization in order to lower the skin effect losses. 
In Fig. 4-22 two possible solutions are shown: a strip 
antenna and a single loop multi wire (SLMW) antenna. 
The inductance and radiation resistance of the strip 
antenna as well as the SLMW-antenna may be calcu- 
lated using an equivalent wire diameter given by Eq. 2-3. 
For calculation of the losses refer to Eqs. 2-5 and 2-9. 


In general, skin effect losses can be minimized by 

observing the following guidelines: 

*¢ use antennas with smooth surfaces, particularly on 
the inner side of the loop 

e avoid cracks at corners by using a sufficiently large 
bending radius 

¢ avoid sharp edges in strip material by rounding or 
sanding 
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Furthermore, it is sometimes possible to improve the 
antenna performance by using surfaces coated with 
materials of high conductivity. On well-conducting 
material such as copper coating prevents surface 
corrosion and contamination. 


A comparison of the SLMW antenna with its single-wire 
counterpart has been made in Table 4-2. It shows a lower 
loss in terms of a reduced R,, a lower antenna noise 


figure and an improved sensitivity by 6 dB for the SLMW 





SLMW antenna 
(single loop, multi wire) 


structure, as expected due to the factor 4 in the number 
of wires. The relatively large deviation between 
theoretical and measured sensitivity may be caused by 
the contact resistance (neglected in the theory). This only 
becomes important when R, is in the range of some 

10° Q. 


In general the SLMW antenna Is the best solution for a 
pager antenna when the most imporiant task is to 
minimize antenna size. For best sensitivity it makes more 
sense to choose a larger antenna area and capacitors of 
high quality. 
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loop geometry 
loop type 
excitation 
"wire" geometry 


feeding 
geometry 


Receiver frequency f = 470 MHz 


4x0.8cm 
SLMW 

corner excitation 

4 parallel wires, 
radius = 0.5 mm 
distance = 1.5mm 


35.19 NH 
54.62 mQ 
0.051 Q 
2.91 dB 
1.51 dB 


4x0.8 cm 
single loop 
corner excitation 


57.66 nH 
25.81 MQ 
0.169 Q 
8.91 dB 
1.26 dB 


8x 3mm 


5.65 nH 


0.13 pF 


5x3mm 


3.53 NH 


0.08 pF 


NMN 
theory 


2C 


In 


ta 


1/G 


NMN+AL 
E 


sens 


2.20 pF 

2.31 pF 

1.80 pF 

8.9 dB 

12.0 dBLuV/m 


5.11 pF 
3.90 pF 
0.00 pF 
16.8 dB 
20.2 dBuvV/m 


Tab. 4.2 Performance of SLMW vs. single wire loop at 470 MHz. 
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NMN 
real 


uD. 20) 


a 


sens 


2.20 pF 
1.7-3 pF 
1.80 pF 


17.8 dBLV/m 


5.11 pF 
25-6 pF 
0.00 pF 


23.7 dBuV/m 
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4.4.2 Hints For Selecting the Right Antenna 


With the approximation given in Section 2.1 it is possible 
to find the best antenna for any given limits with respect 
to budget and size. The main task is to find a compro- 
mise between the antenna area and size limit due to the 
pager package. As described in the previous chapter, an 
optimal position of the antenna with respect to the hu- 
man body exists. Much the same holds for preferred 
positions with respect to the board in order to avoid cou- 
pling effects between antenna and pager electronics. 


Fig. 4-23 shows the best position of an antenna near a 
human body: The loop antenna plane should be perpen- 
dicular to the body surface and perpendicular to the earth 
surface. The best position with respect to the pager 
electronics depends on the layout. In general, the 
antenna should be as far away as possible from 
inductors, oscillators and metal objects such as batteries. 





Fig. 4-23 The optimum position of a pager near a human 
body. 
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To find the best possible pager sensitivity the following 
procedure is recommended: 


1. Choose an anienna geometry for a single loop 
antenna which can have the optimum position as 
shown in Fig. 4-23 and fulfils the pager size 
requirements. 


. Calculate antenna data and design the appropriate 
matching network. 


. If it possible to use a C,, > 1 pF, do so! If necessary 
reduce the antenna area somewhat to reduce the an- 
tenna inductance. Perhaps use a large feeding in 
order to realise a non zero C,, without extra capacitor. 
Furthermore, look into the use of a multi-loop structure 
(budget ?) to improve the antenna noise figure. 


. In case of a single loop antenna and C, > 1 pF 
consider an additional improvement by using a SLMW 
structure (budget ?) or a strip antenna with or without 
surface coating. In case of a strip antenna avoid addi- 
tional skin effect losses due to surface roughness, 
sharp edges and corner cracks, otherwise its 
advantages will be lost. 


. At high frequencies, where the maximum antenna 
inductance is restricted (because the resonance 
C becomes impractically small), C,, must be zero. In 
that case it makes more sense to select high quality 
capacitors 2C.. 


The following notions (listed in order of importance) will 
help to get the best sensitivity: 


1. large area, perhaps multi-loop 
2. tO. > 0: 

2.1. SLMW structure 

2.2. strip antenna 

2.3. high quality capacitors 2C._ 
2.4. coating 


if C= 0: 

3.1. high quality capacitors 2C,, 

3.2. SLMW structure or strip antenna 
3.3. (coating) 
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4.4.3 Advantages and Disadvantages of Multi-loops 


The advantage of multi-loops ts the large effective loop 
area n-a-b. As can be seen in Table 4-5 a single loop 
gives a similar pager sensitivity to a dual loop with loops 
half the size. 


Beside the higher cost of producing multi-loops with 
identical wire distance (with influence on L,_) it will be 
difficult to construct a multi-wire multi-loop or a strip 
muliiloop in order to lower the antenna losses. Especially 
at high frequencies a high antenna inductance becomes 
the limiting factor because a high Lant requires impracti- 
cally low capacitances in the NMN. 


Ultimately, the use of a multi-loop seems to be 
determined more by the available manufacturing 
capabilities than by the benefit of a low antenna noise 
figure. 


4.4.4 Antenna Surface Treatment 


The metallic surface of a loop antenna must be smooth 
without grooves and may not have sharp corners or 
edges. The surface should consist of a conductive 
maierial with a thickness of >3 times the skin depth 6 
(see Eq. 2-4). Of course, solid silver or copper wire can 
also be used. 


The use of tin-plating or nickel and/or iron alloys without a 
good conductive surface layer will result in a considerable 
increase of the antenna losses. 


To prevent corrosion an organic protective coating 
(e.g. lacquer) is recommended for cosmetic reasons. 


Application of a coating wil! be determined largely by the 
permissible manufacturing costs. 
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4.5 Antenna Examples: Prototypes 


Many different loop antennas have been built and tested 
with the UAA2080T pager receiver. Only a few examples 
are given on the next pages. All antenna parameters 
were determined using the PALOMA software. 


The antenna dimensions (in particular of the multi-loops) 
do not permit the use of the simplified equations given in 
this document. The antennas consist of a copper wire 
with circular cross section with a diameter of d =1 mm 
and the feed point was located in the middle of the longer 
side, if not otherwise specified. In all experiments the 
most frequently used antenna was the large 5 x 2.5 cm 
loop. For smaller antennas the agreement between 
experiment and theory should be equal or even better. 


For all calculations of the NMN R,,, = 0.4 Q and R= 0.4 Q 
have been assumed. Sometimes two slightly differ-ent 
capacitors were used io realise 2C,.. For example, in 
Table 4-3 2C,* = 2.7 pF and 2C,° = 3.3 pF gives 

2C,, = 2.97 pF. 


The sensitivity results E.._.. are given fora S,/N._ ratio of 
1 dB at the demodulator input. of the UAA2080. This 
corresponds with a Bit Error Rate of 3% in the receiver 
output data. 
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loop geometry 
loop type 

number of loops 
with wire distance 


21% 6:75 om 

5 loops, 

distance = 1.1 mm 
corner excitation 


569.74 nH 
5.40 mQ 
0.397 Q 
18.86 dB 
4.01 dB 


feeding 


geometry 


2.12 Ar 


0.05 pF 





6x Laem 
single loop 


101.04 nH 
3.19 MQ 
0,167.42 
17.25 dB 
0.57 dB 


5X25 
single loop 


113.59 nH 
5.93 mQ 
0.161 Q 
14.62 dB 
0.40 dB 


Tab.4.3 Data of antenna prototypes at f= 173 MHz. 
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5x3mm 


3.50 nA 


0.08 pF 


3.53 nH 


0.08 pF 


NMN+AL 





3.30 pF 
8.74 pF 
0.00 pF 
24.5 dB 
20.0 dBuV/m 


8.20 pF 
3.74 pF 
5.60 pF 
21.6 dB 
13.8 dBuV/m 


5 Xo mm 


2.97 pF 
2.88 pF 
6.00 pF 
20.5 dB 
11.9 dBuV/m 
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NMN 
real 


3.30 pF 
3-10 pF 
0.00 pF 


22.7 dBuV/m 


8.20 pF 
2.5-6 pF 
2.5-6 pF 


14.8 dBuv/m 


2.97 pF 
2.5-6 pF 
2.5-6 pF 


12.1 dBuVim 
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loop geometry 
loop type 

number of loops 
with wire distance 


[= 


a: 


On 1 


corr 


2:1x%0.75 6m 

3 loops, 

dictance = 2.5 mm 
corner excitation 


177.48 nH 
11.19 mQ 
0.255 Q 
13.90 dB 
2.76 dB 


6x1cm 
single loop 


84.90 nH 
13.87 mQ 
0.193 Q 
11.88 dB 
1.61 dB 


5x2.5cmM 
single loop 


117.60 nH 
53.89 mQ 
0.207 Q 
6.97 dB 
1.13 dB 


Tab.4.4 Data of antenna prototypes at f= 288 MHz. 
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feeding 


geometry 


5x3mm 


3.53 NH 


0.08 pF 


5x3mm 


3.53 NH 


0.08 pF 


5x3mm 


3.53 NH 


0.08 pF 


NMN 
theory 


C. 


in 


0). 


ta 


Ly 


sens 


NMN+AL 


4.26 pF 
4.43 pF 
0.00 pF 
20.6 dB 
20.1 dBuV/m 





4.26 pF 
3.90 pF 
1.80 pF 
16.1 dB 
13.9 dBuV/m 


2.97 pF 
0.45 pF 
1.50 pF 
11.0 dB 
10.8 dBuV/m 
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NMN 
real 


sens 


4.26 pF 
3-10 pF 
0.00 pF 


23.8 dBuV/m 


4.26 pF 
2.5-6 pF 
1.80 pF 


17.4 dBuv/m 


2.97 pF 
2.5-6 pF 
1.50 pF 


14.1dBuV/m 
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loop geometry 
loop type 

number of loops 
with wire distance 


1D 


@ 


corr 


2.1x0.75cm 

2 loops, 

distance = 1.8 mm 
corner excitation 


115.56 nH 
42.17 mQ 
0.232 Q 
8.25 dB 
3.53 dB 


4x0.8cm 
single loop 
corner excitation 


57.66 nH 
25.81 mQ 
0.169 Q 
8.91 dB 
1.26 dB 


5x2.5cm 
single loop 


132.16 nH 
603.84 mQ 
0.264 Q 
1.62 dB 
3.12 dB 


Tab. 4.5 Data of antenna prototypes at f= 470 MHz. 
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NMN 
theory 


C. 


in 


wey © 


a 


/G 


NMN+AL 


Mm — 


sens 


2.20 pF 
2.37 PF 
0.00 pF 
14.6 dB 
21.1dBuV/m 


5.11 pF 
3.90 pF 
0.00 pF 
16.8 dB 
20.2 dBuiV/m 


1.80 pF 

1.62 pF 

0.00 pF 

4.5 dB 

10.1 dBuV/m 
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NMN 
real 


OO 


m 


sens 


2.20 pF 
1.7-3 pF 
0.00 pF 


22.3 dBuVim 


5.11 pF 
2.5-6 pF 
0.00 pF 


23.7dBuV/m 


1.80 pF 
1.4-2.1 pF 
0.00 pF 


12.9 dBuvim 
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Pager receivers Digital Paging VHF/UHF Receivers UAA2050T and UAA2033T 


1. GENERAL 


The pager receiver circuits UAA2033T and UAA2050T 
have been around for some time now, finding their way 
into a host of pager applications. Especially the first 
circuit was welcomed to the market as an interesting new 
development, as was demonstrated by the adjudication of 
the Queens Award for Technology in the United Kingdom 
in 1989. 

Since then, new developments have expanded on this 
first design, making the direct conversion technology 
even more suited for the specialized Pager markets, 
where power economy, high sensitivity and high degree 
of integration are key factors. 

The UAA2033T is no longer a serious candidate for new 
developments any more, and also the UAA2050T, 
although still a powerful solution to many applications, 
should no longer be used for new designs. 

In the following paper, the UAA2033T and UAA2050T will 
be discussed mainly for reference reasons, as many 
designs with these circuits are still around. 

For present developments, the UAA2080T, zero IF, zero 
offset receiver circuit is offering improved specification 
and improved packaging allowing for smaller and more 
advanced designs. For application information on this 
versatile circuit, please see next paper. 
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2. PREFACE 


This report was written to give a support to the 
application of the pager receiver circuits UAA2050T and 
UAA2033T. After describing the principle of operation and 
the block schemes of both circuits and their main 
differences three essential types of application 
modifications have to be dealt with. 


Change of radio frequency influencing the FRONT- 
END application 


Change of parameters influencing the BACKEND 
application 


Controlling 


Information about test results and PCB layout hints 
follows. The Appendices summarize all detailed 
information which can be expressed as formulae. PCB 
layouts of the test circuits. pinning and application 
diagrams finish this report. 

3. FEATURES AND QUICK REFERENCE DATA 
Wide operating frequency range, VHF to UHF 

Low noise pre-amplifier ensuring high RF sensitivity 
(UAA2050T) 

Low current consumption 

Fully compatible with all FSK modulated systems 
(POCSAG. GOLAY. etc.) 

Low battery voltage detector 

Power down mode. selectable via enable input 
Automatic frequency control (AFC) on chip 

Wide operating supply voltage 

High integration level, few external components 

SO 28 package 
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Digital Paging VHF/UHF Receivers UAA2050T and UAA2033T 


Quick Reference Data 


Receiver type 


Frequency range — 


Vs EN 


Vsew 
Curent 
consumption lror 
Supply voltage 
range 19-35 


Detection vottage | 197/20 | | 197/20 | 0 
Temperature range pee -10- +70 


4. INTRODUCTION 





aos 
27 - 500 27 - 175 










Noise figure 
pre-amplifier 
f = 470 MHz 







Sensitivity at 502 
(BER = 1072) 
f= 470 MHz 









f = 174 MHz 









The UAA2050T and the UAA2033T are integrated 
receiver circuits primarily intended for use in UHF/VHF 
paging systems employing direct FM Non-Return-to-Zero 
(NRZ) Frequency Shift Keying (FSK) modulation. 


Used in conjunction with the PCA5000T, PCAS5O0O0AT or 
PCF5001T POCSAG decoders they offer an extremely 
advanced radio paging concept. 


Both ICs are based on the offset receiver architecture 
and offer highest integration level up to now. 


Compared to superhet receivers a dramatically reduced 
amount of components is achieved which gives a 
significant breakdown in manufacturing costs with 
excellent performance. 


Philips Semiconductors 


Pager receivers 


In general, RF-circuits cannot be inserted and switched 
on. To achieve an optimized performance, a few but 
essential rules have to be followed. Special care has 
been taken for describing the front-end application which 
has a significant contribution to the overall performance. 
Further chapters cover the application of backend and 
control circuitry. ‘. 


Typical examples are given to enable a proper selection 
of external components for other system requirements. 


Measurement results are included to enable a 
performance comparison with the individual application. 


The report closes with hints for PCB layout which has 


also to be taken into account, especially for the UHF 
range. 


5. PRINCIPLES OF OPERATION 


Both receiver circuits are working with the "offset 
receiver" principle, refer to figure 5-1. 







IF 
Amplifier 


Data 


Filter 
Data 


Output 
> O 





IF 
Filter 


Data 
Limiter 


Discriminator 


Oscillator 


Figure 5-1 Offset receiver principle 


As shown in figure 5-2, the basis of the "offset receiver" 
principle is correct choice of the amount by which the 
oscillator frequency is offset ("receiver frequency offset 
fores ) from the carrier frequency of the wanted signal. if 
the frequency offset is chosen to be half of the transmitter 
frequency deviation (Af_,) caused by FSK modulation of 
the RF-corfier ( f,,), the FM spectrum of the wanted 
signal within the IF-band will have a centre frequency of 
|Af_,| and a shift of Af, due to FSK modulation. 





= A fix 


eee 5 


1990-08-20/HCO9002 


IV-35 


Pager Applications Handbook 


Digital Paging VHF/UHF Receivers UAA2050T and UAA2033T 


Consequently, image rejection is unnecessary because 
the "image frequency banda" is part of the "wanted 
frequency band” at IF level. 


foscillator 







| | | 
! Afrx lAfryt 
| 


| af txcH 


37,5 KHz 


Figure 5-2 Example spectrum Offset receiver 


The wanted channel (centre) and unwanted channels to 
either side and IF spectrum corresponding to the RF 
spectrum are convoluted around the 225 kHz offset 
oscillator frequency (channel separation f,,.,, = 25 kHz 
and frequency deviation Af,, = 4,5 kHz assumed). 


6. DESCRIPTION OF THE BLOCK SCHEMES 


This description is related to the block diagram figure 6-1, 
which shows the block schemes of both circuits and their 
main differences. The RF signal from the aerial passes a 
matching circuit for impedance transformation reasons. !n 
the UAA2050T three additional blocks are now following 
compared to the UAA2033T: 

- Low noise amplifier, 
External RF filter circuit and 
Internal matching circuit. 


The RF signal is then mixed down to IF level in a double 
balanced mixer. This mixer is driven by a local oscillator 
formed of an XTAL oscillator and a frequency multiplier. 
The mixer stage is followed by an IF filter block formed of 
internal amplifiers and external frequency determining 
components. The filtered IF is amplified in a limiter and 
then fed through an AFC and Data discriminator. In the 
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discriminator the "zero phase" and the phase shifted IF 
are processed and the resulting signal is squared in a 
cata limiter after having been filtered in the data filter. 
The ICs incorporate an AFC circuit by means of which the 
oscillator frequency can be tuned to compensate for all 
frequency changes, caused e.g. by voltage or 
temperature drift, XTAL aging or transmitter frequency 
offset, and to lock the oscillator after switching the 
receiver on. 


Signalpath UAA 2050T 








Signalpath UAA 2033T 


current control circuit. 


The spectral power of the transmitter carrier frequency f,, 
does not really contribute to the total power spectrum 
caused by the NRZ type of the FSK modulation. Due to 
the fact that the multiplier-frequency has an "offset" of half 
the transmitter frequency deviation the mixer output signal 
(1F signal) consists mainly of two different frequencies 
either one or the other being present at the time. This pair 
of tones is centred on a frequency equivalent to the 
deviation frequency which is therefore called the 
“discriminator operating frequency" f,,, (see figure 5-2). 
The values of these two frequencies only are influenced 
oy frequency offset and deviation and not by the signal bit 
rate of the transmitted data and of course not by the RF 
signal frequency. 
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SO we can say that there are three essential types of 
application modifications that have to be dealt with. 


- Change of radio frequency influencing the 
FRONT-END application 

- Change of parameters influencing the BACKEND 
application 

- CONTROLLING 


DEMODU- 


LATOR 


CURRENT 


CONTROL 





7. OPERATION AND APPLICATION 
7.1 Frontend 


By changing the radio frequency within the range the 
UAA2050T and the UAA2033T are specified for 
questions arise concerning the appropriate design of the 
RF input stage, the voltage controlled XTAL oscillator and 
the frequency multiplier circuit. 


As the ICs were specified for a wide frequency range 
(see Features and Quick reference data) we find the 
nominal application being designed for the upper band 
limit due to the intention that the circuit should be used as 
a UHF or VHF paging receiver. 


As is well known the sensitivity of a receiver will be 
mainly determined by tne noise figure (NF) of the RF 
input stage and is in general frequency dependent except 
from other parameters so that the choice of the generator 
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impedance will somehow influence the NF. Another 
parameter to be taken into account for the design of an 
aerial is the input impedances of the ICs. 


As a part of the frontend of the receiver the local 
oscillator circuitry has to be adapted to the various 
RF-frequencies. In these ICs the local oscillator circuitry 
is formed by a combination of an XTAL oscillator and a 
frequency multiplier circuit. This arrangement is circult 
necessary due to the high oscillator frequency which can 

mostly not be generated by a simple XTAL- oscillator in 

one step but has to be generated in a frequency multiplier 

circuit which will be synchronized by the 3rd or 5th Figure 7.1.1-1 RF input stage of the VAA2050T 
harmonics of the XTAL oscillator. For lower frequencies, 

of course, it is possible to use the multiplier like an 





amplifier. 7.1.1.1 Low noise amplifier VAA2050T 
As shown in figure 6-1 the most important difference With respect to the optimization of the receiver 
between both ICs is the low noise amplifier of the application for different frequencies calculations for the 
UAA 2050T. Therefore two chapters are following for the low noise amplifier (LNA. see figure 7.1.1-2) have been 
RF input stages of the UAA2050T and the UAA2033T. carried out. 

vec2 


7.1.1 RF input stage 


Corresponding to figure 6-1 the RF Input stage of the 
UAA2050T consists of a matching circuit, a low noise } 
amp (LNA), a RF- filter, a second matching circuit and a i Dernseseeseaticerhae 





mixer. The RF Input stage (see figure 7.1.1-1) is I ee 
optimized for UHF application with following assumptions: —p crcult 
Re 
- LNA current |= 400 nA se o 3 
- Mixer current |= 400 LA . 
- Source Impedance R=500Q or ais 
- Loaded Q O= 50 vee 
Under these conditions the RF sensitivity V..,, and the Figure 7.1.1-2 Principle circuit of the LNA of the 
voltage of the third order intermodulation product V,,, UAA2050T 
were optimized by varying the area of the transistors and 
the matching circuit. To get high sensitivity the generator impedance has to be 
optimized, i.e. the noise figure (NF) has to be minimized. 
To optimze the RF input stage for different RF To minimize the NF it is absolutely necessary to drive the 
frequencies following parameters could be changed by LNA symmetrically. 
application: 
Figure 7.1.1-3 shows the dependence of the Single Side 
- Source impedance by changing the input matching Band (SSB) noise figure (NF) on the applied source 
circuit impedance for various frequencies as a function of 
- Qof the FPF filter. source impedance R,,,,, of the LNA for the UAA2050T. 
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Figure 7.1.1-3 Simulated SSB noise figure for Figure 7.1.1-4 LNA Input impedance and capacitance 
UAA2050T LNA (parallel) UAA2050T 

These curves were computed under the assumption that 7.1.1.2 Mixer stage UAA2050T 

the imaginary part of the input impedance was 

compensated for by an LC-circuit in parallel of the LNA The principle circuit diagram is shown in figure 7.1.1-5 


input. The inductance of this LC-circuit is formed by an 

appropriate transformer coil. While in this test application A Ng ea, ae eae, 
the transformer is needed to generate reproducible 
source impedances in a practical paging receiver this 
input circuitry is of course formed by the aerial. The LNA 
inout impedance and capacitance (parallel) for the 
UAA2050T is shown in figure 7.1.1-4. 


To minimize the NF of the whole receiver you have to ping 
take care, that the power gain of the first stage is high 

enough. Therefore the LNA is optimized under the ping 
condition that the minimum gain from LNA input to mixer 4pF 

input is 6 dB. to pin24«q 


samwae ene sserese= seceentenowm f jascsa) seeawees newer eetemaneeaennes 





Figure 7.1.1-5 Mixer and matching circuit principle 
(UAA2050T) 


1990-08-20/HCOS9002 IV-38 


Philips Semiconductors 


Pager receivers 


MF [——] 


IOOCR a ee Te | 


8.0 SaaS Oa 
——— ole 40! EE 
$a ap i 

a eT 





ee a Nee <Q (unloaded) = “400 ey a coma ie 


4.0 





0.0 
450 460 470 480 490 M 


Pager Applications Handbook 


Digital Paging VHF/UHF Receivers UAA2050T and UAA2033T 


feed 
C—O) | 
=o ——_ 
a OC 
(aca (cc CA aa DT Sel EO SN 
aaa ace 





0.0 0.4 0.8 1.2 1.5K 


Figure 7.1.1-6 Simulated SSB noise figure for UAA2050T LNA and mixer 


7.1.1.3 RF input and mixer stage UAA2033T 


The RF input stage of the UAA2033T is the lower layer of 
the mixer. The principle circuit of the mixer is shown in 
the figure 7.1.1-7 below. 


pini2 


pini3 
pinté 


pint? 





matching 
elreult 





Oe er ee Or OP 6 © ll ainda 


Figure 7.1.1-7 Principle mixer circuit of the UAA2033T 
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To get high sensitivity the generator impedance has to be 
optimized, i.e. the noise figure has to be minimized. To 
minimize the NF it is absolutely necessary to drive the 
LNA symmetrically. Figure 7.1.1-8 shows the 
dependence of the NF on the applied source impedance 
for various frequencies. These curves were computed 
under the assumption that the imaginary part of the input 
impedance was compensated for by an LC-circuit in 
parallel of the mixer input. The inductance of this 
LC-circuit is formed by an appropriate transformer coil. 
While in this test application the transformer is needed to 
generate reproducible source impedances in a practical 
paging receiver this input circuitry is of course formed by 
the aerial. 


The noise figure curves in figure 7.1.1-8 give an idea 
about the magnitude of influence of the source 
impedance on the noise figure. First we can see that 
there is a 3 dB decrease of noise figure in the frequency 
range of 174 MHz to 30 MHz if the source impedance Is 
still on its optimum value. On the other hand a slight 
mismatching of source impedance with respect to its 
optimum does not have a dramatic effect. This may help 
while designing a suitable aerial. A decrease of noise 
figure should be found in an increase of sensitivity as 
well. The two RF- frequencies 174 MHz and 30 MHz 


Philips Semiconductors 


Pager receivers 


Ne [=] 
10.0 DB 


8.0 


Rgopt = 500 _| 


6.0 


4.0 


2.0 


0.0 


0.5 1.4K 


Figure 7.1.1-8 Simulated SSB noise figure for UAA2033T 
mixer 


have been under investigation in our lab and it was found 
that there is an increase in sensitivity of about 2-3 CB if 
performing 30 MHz reception, under the precondition that 
the external components were adapted in a appropriate 
way. 


Another parameter to be taken into account for the 
design of an aerial is the input impedance of the IC: 
calculations have been carried out and the results are 
shown in figure 7.1.1-9. These curves show the real and 
ihe imaginary port of the input impedance of the input 
stage. 


7.1.2 Antenna 


In general one should notice that much experience and 
several attempts might be necessary to optimize the 
antenna and iis matching to the receiver. A detailed 
procedure can not be given. 


7.1.2.1 Antenna type 
Since there are various antenna principles known it is 
very difficult to recommend one special type, which fits 


best to our receivers. Basically the antenna has to be of 
the symmetrical type, to avoid any unbalanced to 
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Figure 7.1.1-9 Mixer input resistance and capacitance 
(parallel) VAA2033T 


balanced transformation network and its associated 
losses. A symmetrical driving of the receiver RF input is 
necessary, due to the internal receiver design. else a 
dramatic loss in sensitivity occurs. From the wide range of 
basic antenna configurations we suggested the folded 
dipole or loop antenna to be a good choice. Taking into 
account that the antenna length for a folded dipole is very 
short (limited by the pager size usually) in comparison to 
the input signal wave length it always offers an inductive 
reactive component. like a loop antenna. Compensation 
and transformation of the antenna impedance can be 
achieved by a capacitance network. This is of fortune, 
because of easy application in comparison to a inductive 
transformation network. 


Athough several efforts have been made to develop 
equations and approximations, which describe antenna 
characteristics, one must notice that these formulae is 
valid within a free field only. Considering a pager 
application and its minimum space requirement these 
formulae get more or less worse, because of the 
unknown dielectric Surrounded from the antenna. To 
obtain the antenna characteristics from a measurement 
(antenna impedance at the receive frequency) is the 
fastest way to precede. However, it is recommended to 
consider the geometric design rules for the mentioned 
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antennas and not to declare a piece of wire connected 
between two pins and routed somehow to be the 
antenna. To improve the antenna surface could be 
considered (e.g. gilding) to improve the antenna 
performance. 


7.1.2.2 Antenna matching . 


The matching circuit is necessary to compensate any 
reactant component of the antenna impedance and to 
transform the antenna impedance, to obtain the best 
sensitivity. The receiver sensitivity is a function of the 
source impedance at the RF input. The goal is to 
optimize the signal to noise ratio at the IF filter output, to 
obtain a bit error rate which is as low as possible. The 
best sensitivity can be achieved, if the matching is within 
the range noise matching to power matching. The noise 
figure and input impedance presented above, are used to 
select an appropriate matching circuit for the antenna. 
Because of the LNA provided for the UAA2050T and its 
power gain, an antenna impedance matching between 
noise and power matching should be selected. The noise 
figure presented for the UAA2050T LNA circuitry shows 
the source impedance (x-axis) for which the noise figure 
(y-axis) is a minimum, for several input frequencies as 
parameter. The UAA2033T doesn’t provide a LNA and 
therefore a matching closer to the power matching has 
been found to result in the best sensitivity. The mixer 
input impedance presented for the UAA2033T in the 
figure above, shows the source impedance necessary for 
power matching. 


The antenna matching circuitries presented below are 
effective for antenna impedances providing a real part 
greater or approximate equal to the selected receiver 
matching impedance, which normally happens, because 
of the short antenna geometry. 
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In general a antenna matching circuit may look like the 
one shown in figure 7.1.2-1 . 


BRL) 


C com 





R ant 
Lant 


Figure 7.1.2-1 Antenna matching principle (impedance 
matching ratio IMR > 1) 


The antenna impedance is transformed by the operation 
of a tapped resonant circuit, which is build of the antenna 
having an inductive reactive component and additional 
capacitances. To compensaie the reactive antenna 
component the matching circuit has to be in resonance. 
Obtaining a high quality factor will improve the receiver 
sensitivity. The total matching circuit capacitance C_.,, 
which is comprised of C,,,, C,, C, and C,,, (parasitic 
capacitance aren’t taken into account), can be estimated 
according to 


1 


Cyo¢ = -—— 
PT Lave (2* 1" fax) 


A.1-1A 


The impedance transformation for the matching circuit 
correspond to the square of the ratio C, to C, in the case 
of resonance and if Rgopt as more than ten times the 
impedance of C,. C, is estimated according to 


sk V R ANT 


ip!” Cw 
VR opt 


C, = (Cro Coom) A.1-1B 


Cooy iS a capacitor added for tuning of the matching 
circuit to meet the resonant case. It should be selected to 
be as low as possible to fuifil the following condition, 
else the estimations aren't exact and an impedance 
calculation for the matching circuit will be necessary. 
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A.1-1C 


Further, C, is estimated according to the following 
equation. Please notice that because of symmetry 
reasons two capacitances have been provided, each 
twice the value of the calculated capacitance, see figure 
7.1.2-1. 


ape (C,+ Cy) 
NRawr _ 4 A.1-1D 
Roses 


In the formulae above, R,, and C,, are obtained from the 
receiver input impedance figure and R.,,,, from the noise 
figure. R,,, 1s the real part from the antenna impedance 
and L,.., its inductance. 


If the impedance matching ratio IMR gets close to one, C, 
becomes very high valued. 


AR agi 


GOPT 


oS AA-1E 


The impedance transformation may now be omitted, 
because of an impedance transformation ratio close to 1. 
The matching circuit may now look like the one shown in 
figure 7. 1.2-2. 





Rant 
Lant 


Figure 7.1.2-2 Antenna matching principle (impedance 
matching ratio IMR = 1 


This matching circuitry is built up symmetrical also, like 
the one in figure 7.1.2-1, for appropriate driving of the 
receiver input. Two coupling capacitors (C,,.,.) have 
been added to improve the common mode rejection of 
the receiver input for low frequency irradiation into the 
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antenna (50 Hz, microcontroller and POCSAG decoder 
clock frequency, etc.). The matching circuit has to be in 
resonance to compensate any reactive antenna compo- 
nent and to improve the sensitivity by means of the 
quality factor. The total matching circuit capacitance may 
be estimated according to the equation given above 

(A. 1-1). C..,, is known to be the tuning capacitance to 
meet the resonant case. An additional capacitance (C,) in 
parallel might be necessary if C,,,, doesn’t provide 
sufficient capacitance or to spread Us tuning range. C, 
may be estimated according to 
Ce = Cie Cong Cg A.1-1F 
The influence of the coupling capacitors (C,,,,,.) needn't 
to be considered, because of their high value in contrast 
to the receiver input capacitance (C,,,). The coupling 
capacitors (C,,,,.) should provide a sufficient low 
impedance at the receive frequency to avoid a loss in 
sensitivity. Please notice that two coupling capacitances 
have been provided for symmetry reasons, each twice 
the value of the calculated capacitance, see figure 
7.1.2-2. Allowing a loss of less than 0,2 dB the coupling 
capacitance may be estimated according to 


5 A.1-1G 


COUP — ie ie 
ae a era vere 


Finally, a more complex solution for antenna matching 
shall only be mentioned. Its basic idea is to provide the 
impedance transformation by tapping of the antenna 
itself. Interconnection to the rf inputs may be formed of a 
balanced line, which may also be used to serve as a 
transformation network. 


7.1.3 Voltage controlled crystal oscillator 


A voltage controlled crystal oscillator is used as a 
reference, to determine the receive frequency ( f,,) by 
means of a multiplier circuitry. The multiplier circuitry is 
locked to the 3rd or 5th harmonic of the crystal oscillator 
frequency (f,_.), in order to achieved the high mixer 
injection signal frequency, necessary for UHF resp. VHF 
applications. For lower frequencies, the multiplier circuitry 
may be operated as an amplifier. For proper offset 
receiver operation it is essential necessary to provide a 
frequency offset between the mixer injection signal and 
the desired receive frequency, according to the 
transmitter frequency deviation used. 
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The crystal oscillator frequency (f,...) has to be selected 


according to the following equation. 


far ag forrs 


A.2-1B 
A 


Laue ~ 


A may be 1, 3 or 5, depending of the receiver device and 
multiplier application used. The standard application 
select A = 3 for VHF and A= 5 for UHF. Note that A = 5 is 
possible for the UAA2050T only. A = 1 is used, when the 
receive frequency is very low. The multiplier then 
operates as an amplifier, consequently, the crystal 
oscillator operates at the receive frequency. In the other 
cases, the crystal oscillator frequencies range around 

50 MHz for VHF and around 90 MHz for UHF normally. 
Obviously, the crystal used will be of the overtone type. 

A 3rd overtone crystal is used for VHF applications, a 5th 
overtone crystal is used for UHF applications normally. Of 
course the UAA2050T and UAA2033T crystal oscillator 
circuits can also run crystals in a different overtone or 
even in fundamental mode. Please do not mix the 
overtone mode of the crystal with the multiplier 
characteristics (A, 1, 3 or 5). 


As shown in figures 7.1.3-1 and 7. 1.3-2 the oscillator has 
been internally designed as a Colpitts oscillator with an 
crystal as a frequency determining feedback circuit. By 
means of an internal AFC circuit the capacitor in series to 
the crystal changes from C = ~ to C = C,_... providing 
frequency pulling of the oscillator. Additionally there is an 
extra damping resistor R.,,,,, or R,,applicable to increase 
the lock-in-range and to avoid spurious oscillation at 
unwanted frequencies. The additional inductance L1 
(UAA2050T) parallel to the crystal compensates the 
package capacitance C,,, of the crystal to avoid spurious 
oscillation. For the UAA2033T oscillator no inductance for 
compensation Is necessary. 


1990-08-20/HCO9002 


IV-43 


Pager Applications Handbook 


Digital Paging VHF/UHF Receivers UAA2050T and UAA2033T 


vcoci 





Raamep 6 
‘ i Cake 
i cs 
XL[~) L1 
ae 
C4 
ce 
nen rat | 
5} | 3 | 
B} | 3 | 
75uA 


multiplier XLi tl ] L XL4 


c18 





1 
1 
i 
1 
] 
q 
4 
4 
t 
. 
2 
Uy 
a 
‘ 
a 
LJ 
4 
1 
1 
1 


Figure 7.1.3-2 Principle oscillator circuit of the 
UAA2033T 


The capacitance ratio (C,/C, resp. C,,/C,,) of the 
oscillator tank circuit should be calculated corresponding 
to following equation 


VRp 


cas V(Rs+ re) 


A.2-2C 
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The tuning capacitance C,,,,. or C,, should be as small 
as possible but large enough to compensate the spreads 
of the used Inductance and capacitance. In the following 
one finds a number of diagrams, which may help to 
design the tank circuit. 
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Figure 7.1.3-3 Input resistance and capacitance (parallel) 
UAA2050T oscillator pin 6 
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Figure 7.1.3-4 Input resistance and capacitance (parallel) 
UAA2033T oscillator pin 19 
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Figure 7.1.3-5 Oscillator frequency as function of AFC 
voltage (test circuit) 
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Figure 7.1.3-6 Input capacitance UAA2050T oscillator 
over temperature 
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Figure 7.1.3-7 Input capacitance UAA2033T oscillator 
over temperature 
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Figure 7. 1.4-1 Principle circuit of the frequency multiplier 


The multiplier circuit incorporates a damping resistor, too; 
a measure by which the synchronization range is 
widened. This leads to better spectral purity of the 
multiplier oscillator signal, especially in case of slightly 
mistuned multiplier tank circuit (a mistuned synchronized 
oscillator shows asymmetric sideband noise spectra). 
Mistuning can occur because of adjustment tolerances, 
ageing, and in case of AFC operation. 


To guarantee proper operation of the mixer, i.e. sharp 
transitions in the double balanced stage, under the 
aspect of noise a drive level of the mixer stage of at least 
150 mV peak oscillator level is required. Thus a certain 
equivalent parallel resistance in the multiplier circuit 
should be provided as this resistance is a measure of the 
amplitude of the multiplier oscillator voltage. The 
component values of the multiplier circuitry should be 
calculated using the following relations: 


| 
(2 se tee forrs )) *L 


A.3-1A 





ae aan On, 


EXT ~~ 


In the case the multiplier is operated as an amplifier 

(A = 1, see 7.1.3), the capacitive and inductive 
components at the multiplier terminals may be omitted. 
However, a resistor of about 1 kQ2 should be provided 
across the terminals, in order to avoid an overloading of 
the mixer. 
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Figure 7.1.4-2 Input resistance and capacitance (parallel) Figure 7.1.4-4 Input capacitance UAA2050T multiplier 
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Figure 7.1.4-3 Input resistance and capacitance (parallel) Figure 7. 1.4-5 Input capacitance UAA2033T multiplier 
UAA2033T multiplier over temperature 
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7.1.5 Crystal specification 


The receiver crystal determines the radio receive 
frequency of the pager. The allowed total difference 
between transmit and receive frequency is composed cf 
a transmit frequency offset and a jocal oscillator 
frequency error, which is caused by temperature drift and 
ageing of the receiver crystal. 


The local oscillator frequency (f,,) is generated by a 
multiplier circuit, which Is normally locked to the 3rd 
(VHF) or 5th (UHF) harmonic of crystal oscillator. The 
crystal oscillator itself, normaily uses an overtone crystal 
in series resonance to determine the crystal oscillator 
frequency (f osc) 


7.1.5.1 Required crystal precision 


The automatic frequency contro! (AFC) of the receiver 
circuits can operate to a theoretical maximum frequency 
error which is equal to the transmitter frequency deviation 
used. The AFC controis the crystal oscillator frequency so 
as to decrease the frequency error and finaliy make it 
disappear. In practise the maximum frequency error 
(Af,-¢) is reduced to the vaiue given as AFC lock-in-range 
in the data sheet, see also section 7.2.1. 


Af arc s Atrock A.2-3A 
A lock-in-range of Af... = +3 kHz is specified for the 
UAA2050T, whereby it is Af ,., = +4 kHz for the 
UAA2033T. This hoids for a transmitter frequency 
deviation of Af_, = + 45 kHz as specified in the data 
sheet. These figures give the maximum tolerable error 
between receive and transmit frequency at the beginning 
of the AFC frequency correction process. Please note 
that the frequency offset required for the offset receiver 
operation does not contribute to this difference! 


It is easily seen that above mentioned limits impose a 
constraint on the stability of the local oscillator frequency 
and thus on the receiver crystal. The tolerable absolute 
frequency error is translated into a relative frequency 


error (S,,,,) according to 


_ Afrock 
MAX 


S A.2-3B 


fex 
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Syax [Ss Measured in parts per million (ppm) and f,,, is the 
nominal receive frequency. Table7.1.5-1 shows S,,,,, for 


various values Of Af, .,, and receive frequency f,,. 


+ 30,8 pom 
30 MHz + 133 pom 
170 MHz + 23,5 ppm 


170 MHz +174 ppm 





470 MHz 


+64 ppm 


Table 7.1 .51 =e for various values of Af and bey 


LOCK 
As can be seen from table 7.1.5-1, S,,,, gets smaller and 
smaller as the radio frequency f,,, increases. S,,,,, IS 
composed of a transmitter. frequency offset and a 
receiver frequency error. 


The relative transmitter frequency offset (S_,) is defined 
as a deviation (f,,.,.) from the nominal transmitter centre 
frequency (f,,). It is intentionally introduced in some 
paging systems to decouple the transmitters of adjacent 
paging cells. The relative transmitter frequency offset S_, 
can be expressed as follows 


A.2-3C 


Table 7.1.5-2 gives some values S._, for typical values of 
the transmitter offset and nominal channel frequencies. 


a 





foxors 























+t 50 Hz 30 / 170 / 470 Mrz + 16/03 /0.) ppm 
+ 250 Hz 30 {170 / 470 MHz 83/15/05 ppm 
+ 600 Hz 30 / 170 / 470 MHz & 26.7 $47 f 1.7 pom 
+ 1200 Hz 30 / 170 { 470 MHz + 40/70/24ppm 






for various values of AM ie 


Table 7.1.5-2 S_, and f,, 
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According to the maximum tolerable frequency error 
(S.ax) and the relative transmitter frequency offset (S_,), 
the upper limit (S_.,,.,) imposed on the relative receiver 
error (S,,) can be written as 


A. 2-3D 


SRXMAX = Sax 7 Srx 


The relative receiver frequency error (S.,) is defined as a 
deviation Af.) from the nominal receive centre frequency 
(f,,), caused by temperature drift (AT, given in ppm over 
temperature range) and ageing effects (AA, given in ppm 
per year) in the crystal oscillator frequency. It can be 
expressed as follows 


S,, = AIK = AT+N*AA 


RX 


A. 2-3E 


If the radio pager is designed for a product life time of N 
years and if the pager has to fulfil the specification over 
temperature range after N years, following relation has to 
be become true 


A. 2-3F 


Spx = SRXMAX 


Thus, the first design steps are to compute S.,,,,, and to 
select a crystal with parameters temperature drift and 
ageing that fulfil the above mentioned relation. If after N 
years operation the operating temperature range can be 
reduced compared to the original specification, 
appropriate weighing factors for the temperature drift AT 
have to be introduced. This will normally reduce the 
crystal cost, because in the first place no ageing is 
present and S., is determined by AT alone. However, 
proper design philosophy will take both components, 
temperature drift and ageing, fully into account. 


Example: 
With 
Ms = RA, 1 ty = TO MINZ, fo. 260 Az 
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you get 


Syax = £23,5 ppm, S_, =+1,5 ppm and S = + 22 ppm. 


RXMAX 


A crystal with AT = + 7,5 ppm and AA = + 3 ppm per year 
can be used in a pager designed for N=4 years operating 
life, since 


S,, = AT + N* AA = (7,5 ppm + 12 ppm) =+ 19,5 ppm 


SiS 9 


RK ~~ “RXMAX 


(+ 22 ppm). 
7.1.5.2 Crystal series resonant frequency 


In our pager receiver circuits the crystal oscillator is 
operated as a voltage controlled oscillator (VCO). 
Therefore, the two properties series resonant frequency 
and pullability of the crystal have to be specified to 
guarantee save operation over a limited frequency range. 


An inductive component is placed in series to the crystal 
to pull it towards lower frequencies whereas a capacitor 
in series to the crystal pulls its operating frequency 
upwards. The series resonant frequency of the crystal is 
specified without any component connected in series to 
it. This is equivalent to putting a capacitor of infinite value 
in series to the crystal (C, = 0). Unfortunately the 
inductive pulling range (d, ) is only a fraction of the 
capacitive pulling range (df,), see figure 7.1.5-1 for an 
illustration. 


~—a—— df, 


oe 


dfe 





crystal 
oscillator 


fsx f xosc 


WME LLL LLL LLL 


inductive crystal pulling capacitive crystal pulling 
—a——— (Srx+ S1x )-——— et —— (Srx + S tx ) 


Figure 7.1.5-1 Crystal series resonant frequency 
selection 


Let the capacitive range be a-times wider than the 
inductive range 


he 


= df, A.2-4A 


Philips Semiconductors 


Pager receivers 


Values for a range from 1 to 5 normally. Obviously, the 
unloaded crystal resonant frequency (f,,, ) is located 
below or equal to the desired crystal oscillator frequency 
(feogc)» according to the value of o . In the case o is not 
equal 1, the crystal series resonant frequency cannot be 
set exactly for the nominal crystal oscillator frequency, 
but must be lowered in favour of a reduced inductive 
pulling range, in order to achieve a symmetrical pulling 
range, refer to figure 7.1.5-1. 


The relative frequency difference ( S,,) between the 
crystal series resonant frequency and the crystal 
oscillator frequency is calculated according to 





(a 
Sap = Ser A.2-4B 
df (a i 1) | RX a 
The absolute crystal series resonant frequency ( f,,,) is 
calculated according to 
fsx, = fxosc7 Sar ™ fxosc Av2-4C 


The crystal oscillator frequency ( f,,,,) is computed 
according to the transmitter system parameter and the 
multiplier application, refer to the voltage controlled XTAL 
oscillator (7.1.3). 


7.1.5.3 Crystal pullability and related load 
Capacitance 


With the AFC pulling capacitor C,_. fully placed in series 
to the crystal. the frequency change results as 


Pu Suet See San A.2-5A 


Pan iS the minimum frequency change necessary in order 
to jump to the highest receive frequency required, refer to 
figure 7.1.5-1. 


However, there is also an upper limit (P,,,,.) on the usable 
crystal pullability, introduced by the maximum frequency 
error that the AFC circuit can handle in theory. For the 
offset receiver principle, used for the UAA2050T and 
UAA2033T, in theory this is two times the receiver 
frequency offset provided. Thus, according to the offset 
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frequency (f,,-,) and receive channel frequency (f,,.) the 
upper limit is calculated as follows 


A.2-5B 


f 
_ > « AOFFS 
Puax = 42 *- PS ac Sa 


RX 
Example: 


With the results from the above example and a= 3 and 
f = 56,6674 MHz you get 


XOSC 


S,,= 10,5 ppm and f,,, = 56,6668 MHz 
further 


Pin = 31,9 ppm and P,,,, = 56,5 ppm. 

As ageing effects normally move the crystal resonant 
frequency towards lower frequencies a pulling range 
between P,,,, and P,,,, should be specified. 


In order to calculate the load capacitor required to cause 
a chance in resonant frequency of P,,,,, two parameters 
of the crystal need to be known, the static capacitance 
(C,.,) and the dynamic capacitance (C,,,). These values 
are normally given by the crysta! manufacturer in his data 
books. Then the crystal load capacitor can be calculated 
as follows 


C 
C= -€ A. 2-5C 
is R OXL ‘ 
2 i Pan 
Example: 


With C,,, =7 pF, C,,, = 1,5 fF and P,,,, = 31,5 ppm 
you get 
C,= 16,8 pF. 


From the crystal load capacitor (C, ) the real AFC pulling 
capacitor (C,.,) con be calculated by subtracting parasitic 
and inherent capacitors (C,,.,), present between pins 
from C,. The sum of those capacitors can be closely 
approximated by 4 pF to 6 pF. 


Caro =C_—Coar A. 2-5D 
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If in practise the AFC pulling range should prove to be too 
wide, the AFC pulling capacitor must be increased. If it is 
too narrow, the AFC capacitor should be decreased in 
value. However, the designer should not expect the AFC 
pulling range to become more than what is given as AFC 
lock-in-range in the appropriate data sheet. 


Me 


For example, the final crystal specification would be: 


a) Series resonant crystal 3rd overtone mode 

b) Series resonant frequency without load f,,, = 56,6668 MHz 

c) Cutting to!erance + 10ppm 

d) Temperature range as required 

e) Temperature drift over specified range less than + 7.5 ppm 
25 °C as reference point 

f) Pullability of the crystal min. 31.5 ppm 

max. 56.5 ppm 

with a series load capacitor of C= 16.8 pf 

g) Ageing per year less than = 3 ppm 


In most applications it will be useful to let the crystal 
manufacturer perform some preageing on the crystals 
prior to delivery. Preageing can compensate for the 
relatively large frequency change in the first year while in 
the following years the relative amount of frequency 
change per year Is typically smaller. 


7.2 Backend 


This part of the IC circuitry processes the low-frequency 
signa! train, available at the mixer output. The backend 
consists of a high selectivity 5 stage IF-filter section, a 
limiter, a data- and an AFC-discriminator, to recover the 
data signal original transmitted and to derive a tuning 
signal for fine tuning the local oscillator by an afc 
feedback loop, and a data filtering and data forming, see 
figure 7.2-1 for a block scheme. 


iF-signal 


from mixer 





AFC tuning | ¥ 
“for XTAL 


Figure 7.2-1 Backend block scheme 


The characteristic of the backend is mainly determined by 
the components applied externally to the receiver. 
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Therefore, the receivers UAA2050T and UAA2033T may 
be used in a wide range of applications. 


7.2.1 Design determining parameters 


The design of the external components depend on the 
demands of the system, the receiver is to be used in. The 
important parameters are: 


transmitter frequency deviation 
offset frequency 

frequency lock-in range 

data rate 

required adjacent channel rejection 


7.2.1.1 Transmitter frequency deviation 


The discriminator centre frequency (f,,,), for the data- and 
AFC-discriminator, will be chosen according to the 
transmitter frequency deviation (Af_,) The discriminator 
centre frequency applied to the UAA2050T and 
UAA2033T standard application is selected as follows: 


fo= Ate A. 6-1A 


7.2.1.2 Offset frequency 


The offset frequency (f,...) is determined by the 
transmitter frequency deviation (Af_,). In general, the 
offset receiver principle requires the frequency offset to 
be less than the transmitter frequency deviation. The 
UAA2050T and UAA2033T are intended to operate with 
a offset frequency, which is half the value of the 
transmitter frequency deviation, because of AFC-function 
reasons. 


iI 
fores = 5 *Atis| A.2-1A 


The offset frequency and the transmitter frequency 
deviation determine tne IF-filter cutoff frequencies and 
the IF-filter bandwidth (BW,.). The two tone frequencies, 
which shall pass the IF-filter, are: 


fae Ale lees A.4-1A 
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faa Af toes A.4-1B 


This implies a minimum IF-filter bandwidth (BW...) of: 
BW 2 * Loaes 


The IF-filter bandwidth is increased according to the 
frequency lock-in range applied to the receivers. 


7.2.1.3 Frequency lock-in range 


Within the frequency lock-in range, the receiver 
compensates drifts of the frequency determining 
components and any uncertainty of the transmitter 
frequency. Although the lock-in range is set by the 
application of the crystal oscillator (see frontend), two 
further parameters have to be considered, which limit the 
AFC lock-in range applicable. It is the offset frequency 
and the upper IF-filter cutoff frequency. 


The lower side (def.: accurate transmitter and receiver 
oscillator frequency decreases) of the lock-in range 
(-Af,.,) IS limited by the offset frequency used and must 
not exceed two times the offset frequency. 


AE cape tess A.2-4A 


Otherwise the receiver may lock to the inverted position, 
where the receiver will receive the same data channel, 
but with inverted data polarity, see fig . 7.2.1 - 1. 


max lock-in range 


frx 





* 
fin 


fit 


fir 
fim 


eo D> 


A 
m 
A 
Rm 


Figure 7.2.1-1 Lock-in range limitation within the 
IF-bandwidth 
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Figure 7.2.1-1a shows the normal position. If the 
frequency drift exceeds two times the offset frequency 
(e.g. local oscillator frequency f,,, drops), the receiver 
locks to the inverted position, see figure,7.2.1-1b. The 
lock-in range limitation is independent from the IF-filter 
bandwidth. 


The upper side (def.: accurate transmitter and receiver 
oscillator frequency increases) of the lock-in range 
(+Af,.¢) is limited by the IF-filter bandwidth. The lower 
(f-o,) and upper (f,_..,) IF-filter cutoff frequencies may be 
estimated according to: 


firic a IA oy ~ forrs _ A Lice 


firuc = A Le op forrs = A fc 


The lower cutoff frequency may become very low-valued 
or may drop to DC, dependent on the frequency drift 
assumed. Because of AFC-biasing reasons (noise 
shaping) it is of disadvantage to introduce a very 
low-valued lower IF-filter cutoff frequency. The standard 
application uses a lower IF-filter cutoff frequency of about 
800 Hz. You will recognize that the lock-in range upper 
side (+Af,_,) is therefore limited to about 1,45 kHz, if only 
one transmitter frequency (f,,+ IAf_,l) is transmitted. 
Please consider that this fact will not force a problem ina 
real pager system environment, because the transmitter 
is modulated by an alternating signal during preamble 
and synchronization codeword transmission at least. If 
the receiver not able to lock, while the transmitter 
frequency (f,,) is £, =f, + | Af, |, it will lock during the 
time period, where the transmitter frequency is 

L, =f,,- | Af, |. Provided that the upper IF-filter cutoff 
frequency matches the requirements given in the 
equation above. 


Therefore, the upper IF-filter cutoff frequency is decisive, 
if the transmitter is found to transmit alternating 
frequencies at regular intervals. 


fae = Ale tioet Alcea! A.4-1D 


The maximum AFC lock-in range recommended for the 
standard application UAA2050T is Af, ,,, = 3 kHz and 
Af 44, = 4 KHz for the UAA2033T. 


LOCK 


Philips Semiconductors 


Pager receivers 


7.2.1.4 Data rate 


The offset frequency (and therefore the transmitter 
frequency deviation used) applied, limits the maximum 
efficient data rate applicable. The higher the data rate is, 
the more difficult it becomes, to identify the IF-signal 
frequencies within a single data bit period, which will 
result in a loss of sensitivity. The receivers are 
recommended to be used at data rates up to 1200 bps. 
Further increasing the data rate reduces the sensitivity 
much stronger. For 2400 bps operation the loss in 
sensitivity is more than 16 dB. This might be acceptable, 
if for example the UAA2050T or UAA2038T are used for 
the second mixer and IF-stage of a double superhet 
receiver. However, the data rate else doesn’t affect the 
IF-filtering section. It is of signification for the data filtering 
only, which applies after the data discriminator (see data 
filtering). 


7.2.1.5 Adjacent channel rejection 


One further important parameter is the required adjacent 
channel rejection, which is given by the system 
specification. The IF-filter has to have a sufficient 
attenuation at the stopband frequency (fs), which is 
determined by the transmitter frequency deviation (Af_,) 
the offset frequency (f and the channel spacing 

as follows: 


orrs) 
(fx) 


fy = foxcu 7 fores— IA fi| A.4-1E 
Together with the upper IF-filter cutoff frequency (f,...,), 
the stopband frequency (f,) determines the IF-filter order 
required. The standard application UAA2050T and 
UAA2033T are shown to use a 7th order low-pass. The 
adjacent channel rejection is better than 60 dB, if 25 kHz 
channel spacing and 4,5 kHz transmitter deviation are 
used. A reduction of the AFC lock-in range may be used 
to improve the selectivity. Designed for 2 KHZ minimum 
AFC range. the standard application will be found to have 
an AFC lock-in range of 3 kHz typical. 


However, other filter orders and types may be 


implemented, to satisfy stronger specification 
requirements or to simplify the design, when possible. 
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7 .2 .2 IF-Filtering 


The IF-filter is responsible for the adjacent channel 
selectivity and for some gain, to be able to drive the 
limiter. The IF-filtering is achieved by a series 
combination of a 1st order low-pass, a 2nd order 
Salen & Key low-pass. an 3rd order Cauer low-pass. 

a 1st order high-pass and a second 1st order low-pass, 
see figure 7.2.2-1. : 


if-signal to 
from mixer = ye a limitter 


Low-pass Salen&Key  Cauer High-pass Low-pass 
Ist order 2nd order 3rd order 1st order 1st order 


Figure 7.2.2-1 |F-filter block scheme 


The required adjacent channel selectivity is achieved by 
low-pass filtering, whereby the main selectivity is 
achieved by the operation of the Cauer and Salen & Key 
low-pass. The high-pass filter is provided to form a dc 
blocking at the limiter input and also attenuates any UF 
noise. Figure 7.2.2-2 shows a typical attenuation 
characteristic. 


A 
[dB] 





se > 
cians 
0 Higa a ae: 


10? 2 5 


Figure 7.2.2-2 Typical iF-filter characteristic 


The passband ripple (A,,,,) should be as low as possible. 
A passband ripple of 1 dB is acceptable. The higher the 
passband ripples becomes the more the loss in dynamic 
sensitivity is. The frequency characteristics of the filter 
shape. low-pass fraction, results from: 


Late Tue A.4-1C 
fisuc = A Lg | + forest NE ee A.4-1D 
fy = foxcu— forrs A fr| A.4-1E 
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The upper iF -filter cutoff frequency is approximately 
equal to the passband frequency, because of the strong 
filter slope. although the cutoff frequency usually is 
defined to be the 3 dB attenuation frequency. 


The whole IF-filter is build of different finer tyoes. Each 
filter section is separated from each other and can be 
designed without influencing the remaining stages. The 
amplifiers itself have a quite acceptable gain and phase 
characteristics up to 100 kHz. The filter characteristics 
may be modified by the choice of the component values 
and. if necessary, by the use of other than the shown 
filter types. To find the filter characteristic which matches 
the particular application best. some empirical 
evaluations will be necessary. Fig. 7.2.2-3a to 7.2.2-3e 
show the particular fllter characteristics and Fig. 7.2.2-3f 
the superimposed over-all characteristic for the standard 
application. A quick design for other speciflcations may 
be found by scaling the component values given for the 
standard application accordingly. 
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Figure 7.2.2-3b Salen & Key low-pass, 2nd order 
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Figure 7.2.2 
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Figure 7.2.2-3c Cauer low-pass, 3rd order 
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Figure 7.2.2-3e Second low-pass, 1st order 


Figure 7.2.2-3f Superimposed IF-filter shape 
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7.2.2.1 First Low Pass 


The first low-pass filter is formed of a simple 1st order RC 
low-pass, which Is included between the mixer output 
and the first IF-amplifler input, see flg. 7.2.2-4. 










Low- 
pass 







¥CCS 


CL py 
Figure 7.2.2-4 First RC low-pass block scheme 


This passive low-pass attenuates any out-band 
intermodulation signals generated by the mixer, which 
may cause an overloading of the following IF-amplifiers. 
The cutoff frequency (f,,,,) is selected by a capacitance 
external to the UAA2033T if used. whereby it is fixed into 
the UAA2050T application. The UAA2050T is designed to 
have a 14 kHz cutoff frequency for this low-pass. To 
calculate the capacitance, external to the UAA2033T, for 
a particular cutoff frequency, the following equation is 
used: 


l 


CBr 5 ag Olen 
LPI 2* 0% 2,4 10° |O]* fie 


A.4-2 


The source impedance. of total 2, 4 kQ is provided 
internal to the receiver. For the standard application. the 
cutoff frequency is chosen to be f,, = 14 kHz. therefore 
the capacitance is C,,, = 4, 7 nF. 

The input impedance of the following IF-amplifier needn’t 
to be taken into account. This amplifier is a differential 
type one, forming a VCCS (voltage-controlled current 
source), 


3dB 


7.2.2.2 Sallen & Key Low Pass 


The Sallen & Key low-pass is build around a kind of 
emitter follower, which serves the function of a VCVS 
(voltage-controlled-voltage-source) (2). The Salen & Key 
low-pass itself is driven by a VCCS (voitage-controlled- 
current-source), see fig 7.2.2-5. 
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Figure 7.2.2-5 Sallen & Key 2nd order low-pass block 
scheme 


The load resistance (R.,.,) of the VCCS is connected 
externaliy and serves two functions: 


It will determine the operating point of the following IF 
stages, which is the most important effect. And it will set 
the DC-gain of the VCCS, which has less signification, 
although some gain is necessary. This is because the 
signal to noise ratio is much more important than the 
absolute gain. 

The resistor is recommended to be: 


Rex, =3kQ A.4-3A 


The DC operating point at the VCCS output will be set to 
a voltage of about -0,3 V, with the main positive power 
supply as reference. This will guarantee save operation 
for the following IF-stages, even at the lower limit of the 
supply voltage. The DC-gain thereby established is about 
6 (15,6 dB). 


For the standard application, the Sallen & Key filter has 
been chosen to be a 2nd order Chebyshev low-pass, 
having a passband ripple of 3 dB. The finer is formed of 
two capacitors and one additional resistor connected 
externally. see fig 7.2.3-5. The additional resistor R,,, has 
been chosen to have the some value as the load resistor 


R,,,, to simplify the design. 


Rex = Rex, A 4-3B 
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Its value may be modified, if the filter characteristic 
selected don’t meet standard values for the capacitors. 
The effects of the input an output impedance of the 
VCVS needn't to be taken into account, furthermore its 
gain is assumed to be G = 1. For the shown filter type the 
transfer function becomes (4): 


_ G* bo 
©) s’+b,*s+b, 


Allowing 3 dB passband ripple and Chebychev 
characteristic, the coefficients are found to be 
(normalized to a cutoff frequency of 1 rad) oc) (4): 


b 
0, 


0,70795 
0,64490 


After rescaling the component values are found 
according to the following equations: 


Ric a Rexo 


he 5 A.4-3C 
by *2* Ft. * Roi Rex, 


Coy a 


b, 
bene i (Re Res) 





Cas = 


A.4-3D 


The terminal frequency (f,) is defined to indicate the end 
of the ripple channel and not the conventional 3 dB cutoff 
point. For the standard application it has been selected to 
be f= 10 kHz. 


7.2.2.0 Cauer Filter 


The main stopband attenuation is achieved with a 3rd 
order passive Cauer low-pass (3), which follows 
immediately the VCVS forming the Sallen & Key 
low-pass, see fig. 7.2.2-6 





Figure 7.2.2-d 3rd order Cauer low-pass block scheme 
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The driving VCVS at the Sallen & Key stage can be 
assumed to have a very low output impedance, so the 
resistor in front of the Cauer filter (R,) determines the 
driving impedance. The load impedance is determined by 
the input impedance (R,) of the following VCVS, which is 
about: 


R, = 2002 A. 4-4A 
The Cauer fitter has to be designed in order to achieve 
an attenuation pole (f at the closest adjacent channel 
frequency. 


Nee? 


fine? a fxcH foprs~ |A L| A.4-4B 
The standard application uses a 3 rd order Cauer filter, 
having a passband ripple of 1,25aB. This filter type fits for 
a channel spacing of 25kHz and a transmitter frequency 
deviation of 4,5 KHz. 

For example, the attenuation pole frequency calculated 
for the standard application is: 


furs = 18,25kHz 


The filter coefficients are found according to the 
normalized attenuation pole (Q,,.,), which is calculated 
from the attenuation pole frequency (f,,..) by 
normalization to a reference frequency: 


fine? 


fp 


Q 





INF2 — 


The reference frequency ( f,) is normally equal to the 
passband frequency (end of ripple channel). The Cauer 
fitter passband frequency selected for the standard 
application is: 


f, =8kHz 


The normalized attenuation pole for the standard 
application results in: 


C2 ep = 2,28 
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Normalized component values may be found in (7), 
because of the relative high input impedance of the 
following VCVS, the Cauer filter can be assumed to 
operate in open-circuit configuration. The normalized 
component values for the standard application, obtained 
form the filter catalogue are: 


C,, = 0,9647 
C., =0,1715 
L, =1,1316 
C., =1,4717 


ci 


The real component values are calculated according to 
the reference frequency and according to the reference 
resistor (R,) in front of the Cauer filter. 


este 
Oe (ag 


x” ! 
Kao kf K 
2° Er Toss 


* 


x 


Ly 


C,=C 





The reference resistor, selected for the standard 
application. is: 


R, =3Q 


The component values selected for the standard 
application are as follows: 


C.,= 10 nF (6,4 nF colculated) 
C., = 1 nF (1, 1 nF calculated ) 
L ., = 68 MH (67, 5 MH calculated), Q 10 at 10 kHz 
C., = 10 nF (9, 8 nF calculated) 


See appendix A.4-4C for component reference to the 
application diagram. 


7.2.2.4 High Pass 


A DC blocking is achieved by the operation of a single 1st 
order RC high-pass. see fig 7.2.2-7. 
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VOGS 


VOVS 
Figure 7.2.2-7 High-pass block scheme 


The cutoff frequency is selected by the capacitance C.,.. 
An additional resistor (R,,) will allow to reduce the 
maximum gain of the high-pass. This is necessary for the 
standard application UAA2050T. where the gain Is 
attenuated by AG = 6 dB. The attenuation is provided, to 
influence the noise level at the limiter input. Especially 
under weak input signal conditions the AFC biasing is 
improved. The resistor is calculated according to the 
following equation: 


no =( 


The capacitance determining the high-pass cutoff 
frequency, is chosen according to: 


| 


ig) 


' *10°[Q] A.4-5A 


I 


Be A.4-5B 
2* 1 * frag * (Rg + 10-10°[Q]) 


Cup = 





The standard application UAA2050T and UAA2033T are 
designed to have a cutoff frequency of f,,, = 800 Hz 


7.2.2.5 Second Low Pass 
The IF-filtering is completed by the operation of a ist 


order RC low-pass and is then supplied to the limiter, see 
fig 7.2.2-8. 
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Limiter 


VCCS 


Figure 7.2.2-8 Low-pass block scheme 


To introduce a new DC operating point for the following 
stages the low-pass is driven by a VCCS. The output 
load resistor (R_,,) ls connected externally. For save 
operation of the limiter, even at the lower limit of the 
supply voltage, the resistor is recommended to be: 

R, p5=33 k Q A.4-6A 
The capacitance (CLP2) to select a specific low-pass 
cutoff frequency is determined by: 





| 
Can a - 
LP. De R pa * fagp A.4-6B 
For the standard application the capacitance has been 
selected to obtain a cutoff frequency of f,,, = 4.8 kHz. 


7.2.3 Limiter 


The limiter is a multiple stage amplifier with offset 
compensation, providing an overall gain of about 80 cB. 
The two feedback loops compensate input signal offset 
and offsets internal to the limiter, to care for a proper 
limiter operation. The feedback loops are based on an 
integration action controller. The integration behaviour of 
the feedback loops are not dominant in terms of settling 
time. The settling time is of interest in applications, where 
the receiver is switched OFF and ON periodically (via the 
receiver enable input RE). 


The capacitance for the feed back loops are selected as 
follows: 
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A.5-1A 
A.5-1B 


C,, =100nF 
C,, = 100nF 


The capacitors type (especially for the second feedback 
loop) are recommended to have a very low leakage 
current, otherwise a loss in sensitivity occurs. 


EeO540° 4 A.5-1C 


7.2.4 Data and AFC Discriminator 
The operation of the data and AFC discriminator is based 


onto a phase-shiit and multiplier arrangement see 
fig. 7.2.4-1. 





Figure 7.2.4-1 Discriminator principle 

lts job is to produce an output signal that depends on the 
input frequency of the applied signal. The fundamental 
operation corresponds to the mathematics as follows. 
Discriminator input signal: 

A = a* sin(@t) 

Phase shifter output signal: 

B = b* sin(@t— O(@)) 


The multiplier output signal thereby obtained is as 
follows: 


C = c* cos(O(@)) — c* cos(2 * wt+ O(0)) 
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A post filtering applied to the output signal has to remove 
the unwanted frequency component (2 *a@t). The output 
voltage is now a function of the input radian frequency 


(Q). 
D = d* cos(@(0)) 


The phase-shift is based on a delay circuit, which 
generates a constant time delay for the applied signal. 
The phase-shift (0) depends on the relationship between 
the time delay (t,,,) and the period (T) of the input signal 
and can be expressed by: 


—— = tp. * of[rad] 

The value of the time delay determines the phase-shift 
and therefore the discriminator characteristic. 

7.2.4.1 Data Discriminator 

Fig. 7.2.42 shows the block scheme of the data 


discriminator and data filtering, implemented into the 
receiver. 





Figure 7.2.4-2 Data discriminator block scheme 


The delay circuit characteristic is determined by a 
capacitance (C,,,,,) externally to the receiver. After the 
multiply operation a two stage low-pass filtering is applied 
to the signal. The integration characteristic is determined 
by two capacitances (C,., and C,,..) external to these 
stages. After impulse forming by the operation of a limiter 
the data is available at the data output. 

The delay circuit has to be designed to generate a 
phase-shift of 90° for the discriminator centre frequency 
(fh1¢). The discriminator centre frequency is selected to be 
equal to the transmitter frequency deviation (Af_,) 
normally, like recommended for the standard application. 
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foc= Ab A.6-1A 
Varying the discriminator centre frequency will influence 
the duty cycle of the data output signal. The duty cycle is 
40% (logic one) to 60% (logic zero), for the standard 
application UAA2050T and UAA2033T. This 
unsymmetrical duty cycle has been implemented, due to 
the fact that the logic zero is less sensitive (e.g. because 
of its lower IF-frequency). If this is undesirable. the 
discriminator centre frequency has to be reduced to 
increase the data output duty cycle (increasing C,,,,). 
The capacitance is chosen according to the following 
equation: 


81 1 


Cory oS en ne rs A.6-1B 


fos (Q] 


The phase-shift generated |s calculated as follows: 


360 


C= Cou 394109 





[Q2][deg] 


Assuming a transmitter frequency deviation (Af_,) of 4.5 
kHz and a receiver offset frequency (f,,.,) of 2.25 kHz the 
two |F-frequencies will undergo a phase-shift of 

45° (f,., = lAf,,1 - f and 135° (fe, IAT | +f 


IF 1 orrs) IFA orrs) , 


7.2.4.2 Data Filtering 


After the multiply operation of the original and the 
delayed signal train, a low-pass finer is provided, to 
attenuate all unwanted frequency components. The main 
unwanted frequency components start at two time the 
IF-frequency processed. The data filter is formed of two 
separate ist order RC low-passes. They form an 
integration operation onto the multiplier’s output signal 
before it is supplied to the limiter circuit The integration 
characteristics are determined by two capacitances 
external to the receiver. Resistors, 30 kQ each. are 
provided internal to the receiver. 
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Each filter stage will be designed for a 1,5 dB attenuation 
at the cutoff frequency. The capacitances are selected 
according to the following equation: 


0,644 


= A.6-2 
t*30-10°[Q]* DR 





Sy 


The designer will come into conflicts if high data rates 
(DR) shall be processed. However, the 3 dB attenuation 
condition should be fulfilled even if the integration 
behaviour gets worse. 

The filtered signal train is than supplied to a limiter 
amplifier to form a rectangular output signal train. The 
limiter amplifier is set to have a little offset, so that the 
signal train is limited asymmetrical. This results in an 
output signal duty cycle of 40 % (logic one) to 60 % (logic 
zero) typical, for the standard application. If undesirable, 
the discriminator centre frequency may be modified (see 
data discriminator). The signal waveforms obtained after 
filtering are shown into fig 7.2.4-3a and 7.2.4-3b. 

Fig. 7.2.43a shows the signal train after the first data filter 
and flg. 7.2.4-3b after the second data filter, in relation to 
the data output signal train. They are measured at the 
UAA2033T for a 512 bps application and a RF-level of 
0.3 UV. 


The data output signal train contains some jitter, which is 
generated by the data discriminator and the way in which 
the signal frequencies change. Fig 7.2.3-4a and 7.2.3-4b 
show the typical data output jitter for the UAA2033T 
operating at 512 bps. fig. 7.2.4-4a and 1200 bps. 7.2.44b 
for a RF-Level of 0,3 uv. 
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A: Data filter DA ; B: Data Output DO / 512 bps / 
0,3 uV / Caf = 10 nF 


Vrs 
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Figure 7.2.4.-3a Data filtering first stage 


A: Data filter DA ; B: Data Output DO / 512 bps / 
= 0.3 uv / Caf= 10 nF 


Vi 





re 
SAH a 
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Figure 7.2.4-3b Data flltefing second stage 





DISPLAY PARAMETERS 





VERTICAL HORIZONTAL 

Channel A Sec/div 1E-03 
Coupling AC 
Volts/div .1E+00 TRIGGER 

Channel EXT 

Channel B Slope POS 
Coupling DC Coupling AUT 
Volts/div 1£+00 
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Pager receivers Digital Paging VHF/UHF Receivers UAA2050T and UAA2033T 
Data output Jitter 512 bps / Vi = 0,38 uV / UAA2033T / The minimum jitter is determined by the occurrence of a 
Cdf = 10 nF phase-jump during the change from one IF-signal 





frequency to the other. An additional jitter is generated by 
the 2nd harmonic frequency component.in the multiplier’s 
output signal. Proper data filtering will minimize this 
additional jitter. The capacitors, provided external for the 
data filter, may be increased to minimize the additional 
jitter. But this will enlarge the integration time constant 
and so, flatten the signal swing. The data signal ratio 
decreases, because of the offset at the following imiter. 
Furthermore a loss in sensitivity occurs, because of the 
increased data signal atienuation. 


7.2.4.3 AFC Discriminator 


Figure 7.2.4-4a Typical data output jitter fora 512 bps An AFC function is provided to compensate drifts (e.g. 


application temperature drift. ageing) in the frequency determining 
components at the receiver side and an uncertainty in the 

Daia output Jitter 1200 bps / Vi = 0,3 uV / UAA20338T / transmitter frequency. Fig. 7.2.4-6 shows the block 

Cdt =3,57F scheme of the AFC discriminator section. It’s the same 





Figure 7.2.4-4b Typical data output jitter for a 1200 bps 
application 


DISPLAY PARAMETERS 


VERTICAL TRIGGER 
Channel B Channel 
Coupling DC Slope 
Volts/div 5E+00 Coupling 
HORIZONTAL 
Sec/div 5E-03 
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phase-shift and multiplier arrangement as for the data 
discriminator. In addition, the discriminator output signal 
(DIS,.,) is supplied to an integrating circuit. The 
integration operation is based on a capacitor (C,), which 
is charged or discharged by a current (I,,) controlled from 
the discriminator output signal. Finally, the voltage 
obtained at the capacitor is used to control the crystal 
oscillator frequency. Consequently, the AFC is based on 
a integral action controller, which implies a zero position 
error. 





Figure 7.2.4-6 AFC discriminator block scheme 


EXT 

POS The AFC function is achieved by detection of the two 

AUT nominal IF-signal frequencies. The delay circuit is 
designed in such a manner that the discriminator 
characteristics is set to have two centre frequencies 
(foist foigo)2 Within the used frequency range. Each of 
them is related to one of the two nominal iF-signal 
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frequencies generated. The principle discriminator 
characteristics is shown in fig. 7.2.4-7. 


Pee 


discharge 


charge 
yw Varc ff] 





Figure 7.2.4-7 Principle AFC discriminator characteristics 


If the nominal mark or space IF-frequency (f,.,, f ,..) is 
detected, no discriminator output signal occurs. Thus the 
capacitance charge is not altered and the crystal 
oscillator maintains is current frequency. The AFC 
discriminator will operate either at the one or at the other 
centre frequency (f,,.,; f,)>.), according to the signal 
frequency received. The demodulation point will jump 
from one to the other side and vice versa, if the mark and 


space are transmitted alternately. 


If a frequency drift occurs, the mark and space 
frequencies move beside the AFC discriminator centre 
frequencies. For example, if it is assumed that the offset 
between the transmitter frequency and the multiplier 
frequency (mixer injection signal) is reduced, the 
IF-frequencies, forming the mark and space, get closer 
together, see figure 7.2.4-7 (solid line). One increases 
and the other decreases, according to the absolute value 
of the frequency drift occurred. Let the new 
IF-frequencies be A1 and A2. Consequenily, the point of 
demodulation will move to the region, where a positive 
signed current (I.,) is generated. As a result the 
integration capacitor (C,) is discharged and its voltage 
reduced. According to the crystal oscillator operation, the 
crystal oscillator frequency is increased, when the AFC 
voltage is reduced. Because the multiplier frequency 
tracks with the crystal oscillator frequency (1st, 3rd or 5th 
harmonic, depending on the multiplier application), its 
frequency is increased also, see figure 7.1.3-5. 
Discharging of the capacitance stops, when the offset 
beiween the transmitter frequency and the multiplier 
frequency is restored. 
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In the other case, if the IF-signal frequencies remove 
from each other (dashed line in figure 7.2.4-7), a negative 
signed current (I,,.) is generated and the multiplier 
frequency is reduced, in order to restore the frequency 
offset necessary. 


In fact, the frequency tracking at crystal oscillator level is 
only a fraction of the frequency tracking at mixer level 
(eth, Vigrd or We th, depending on the multiplier 
application). 


The appropriate AFC discriminator characteristic is 
obtained, if the delay circuit are designed to perform a 
phase-shift of 90° for the one and 270° for the other 
nominal IF-signai frequency. For the standard application 
the offset frequency is half the value of the transmitter 
frequency deviation, which is necessary for appropriate 
AFC operation. The upper IF-signal frequency is 3 times 
the value of the lower one. This exactly meets the 
phase-shift ratio (90° to 270° ). 

The delay circuit for the AFC discriminator, shown in 

fig 7.2.4-7, is implemented to consist of two separate 
stages. The first one is the one used for the data 
discriminator and is used for the AFC discriminator also. 
Its design has been discussed already, see data 
discriminator. The second delay stage is provided, to 
enlarge the phase-shift performed by the first one, to 
meet the requirements for the AFC discriminator. The 
capacitance external to the second delay circuit has to be 
chosen according to following equation: 


28.110" 2 
Coy? a a DLY1 


ie A. 6-3 
pis [2] 


The overall phase-shift performed is now: 


. Pa 360° 
Ont CC woes: )” 304-193 elles! 


As mentioned above, the AFC discriminator output signal 
is than supplied to an integration section. The integration 
operation is formed by a capacitance (C,), connected 
externally to the receiver. The regulating time for the AFC 
is determined by the value of ihe integration capacitance. 
Although component vaiue drift is a slowly moving 
process, the value has been chosen to be: 
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C, = 220nF A. 6-4 
This results into a regulating time of some milliseconds, 
which meets the requirements even if the receiver is 
switched ON and OFF periodical. The capacitance 
voltage may occur to be within the range - 0, 2 V to 

-1, 1V, according to the strength and direction of the drift 
occurred. If no receiver input signal is present, an AFC 
biasing circuit is provided to establish a balanced AFC 
operating point. The voltage established is about -0,5 V 
for the UAA2050T and -0,59 V for the UAA20338T. 


7.3 Controlling 


In this chapter ail biocks will be described, which are not 
directly involved in the signal path: 


- Current control circuit with receiver settling time and 
receiver power on/off 

- Battery low indicator circuit 

- AFC-circuit and -behaviour 

- Settling time 


7.3.1 Current control 


The current control circuit takes care, that the receiver 
performance will be constant over voltage and 
temperature range. The circuit consists of an internal 
bandgap reference voltage, where all internal and 
external currents are derived from, and the receiver on/off 
switch. The value of the external reference resistor R,. is 
determined by the design. An UAA2050T application 
demands 


Rec = 68 kQ A. 7-1 
while an UAA2033T application demands 

Rec = 47 kQ A. 7-1 
7.3.2 Battery low indicator 

The battery low indicator output (pin BL) is “high” if the 
battery voltage is below the battery low indicator 


threshold voltage. This threshold voltage is different for 
both circuits. 
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7.3.2.1 Battery low detection UAA2050T 


Due to the fact that the UAA2050T has two supply 
voltages depending on whether a single.or a double cell 
operation for the low noise amplifier has been chosen, 
the battery low information will be detected at pin MIX, 
(pin 24). To cope with both application possibilities, the 
battery low indicator detection characteristics provides 
two threshold voltages. Figure. 7.3.2-1 shows the typical 
detection characteristics. 





Figure 7.3.2-1 Battery low indicator detection 
characteristic UAA 2050T 


7.3,2.2 Battery low detection UAA2033T 


The UAA2033T battery voltage will be directly detected at 
V_,. l.d. between pins 14 and 15. 





Figure 7.3.2-2 Battery low indicator detection 
characteristics UAA2033T 


7.3.3 AFC 


The integrating AFC takes care, that the frequency offset 
between the frequency multiplier and the wanted RF 
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signal will be constant over the altering of the XTAL, 
supply voltage and temperature range. 

As shown in the figure above the AFC voltage will be 
derived by demodulation of the IF signal corresponding to 
the diagrams below. The maximum AFC range is equal to 
the frequency shot of the received FSK modulated signal. 
The AFC demodulator current and phase characteristics 
as a function of the IF- frequency is shown in fig. 7.3.3-2. 





Figure 7.3.3-1 Principle block diagram of the AFC circuit 
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Figure 7.3.3-2 AFC demodulator current and phase 
characteristics 
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7.3.4 Receiver settling time 


The settling time of the whole receiver is mainly 
determined by the behaviour of the crystal oscillator (rise 
time), the AFC-feed back loop and the limiter offset 
compensation. The settling time is also a function of the 
power down duration (receiver enable input). While the 
settling time only depends on the crystal rise time, when 
the power down duration is very short, the DC biasing 
settling determines the receiver settling time for long 
power down durations. For the latter case the standard 
application has been found to be operational! after 
approximately 15 ms. For short power down durations the 
DC biasing is going to be stable, because of the external 
capacitors and little leakage currents into the receiver IC. 
For a power down duration of about 1 sec and less (e.g 
within a POCSAG system) the standard application has 
been found to be operational after approximately 5 ms for 
the nominal AFC position. AFC locking from the nominal 
position to one of the two extreme positions 
approximately last 7 ms. The receiver will generate an 
output signal during settling, but valid data at the data 
output can be expected after completion of settling, at the 
earliest. 


7.4 Power supply concept 


Originally intended to be powered by two battery cells 

(2 times 1,5 V nominal) the receivers may also be 
supplied from one cell (1,5 V), using a voltage doubler to 
provide the necessary supply voltage level. Powering the 
receiver by two battery cells offers the longest battery 
lifetime, because the battery load current forced by the 
receiver is the lowest, in comparison to the one cell 
operation with voltage doubler. The battery load current 
forced by the receiver is equal to the receiver supply 
current, apart from other supply currents. Figure 7.4-1 
shows the power supply principle for both receivers using 
a two cell powering. 


Sometimes a two cell powering is undesired and a one 
cell powering has to be used. Providing a voltage doubler 
will allow to use the receivers even for this power supply 
concept. The UAA2050T supports this kind of powering 
by offering a separate power supply pin for the LNA (low 
noise amplifier). The LNA may be connected directly to 
the battery voltage (V, > 1 V), whereby the remaining 
circuitry may be supplied from a voltage doubler 
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(Vou; > 1,9 V). Because the battery low detection circuitry 
is connected to the LNA supply voltage, ihe battery 
voltage may be monitored directly. 





a) 
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——15V 
data output 
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Figure 7.4- 1 Two cell power supply concept for 
UAA2050T (a) and UAA 2033T (b) 


The UAA2033T doesn’t provide two separate power 
supply pins and therefore has io be fully powered from a 
voltage doubler. The battery detection circuitry monitors 
the doubled supply voltage and therefore the battery 
voltage indirectly. The powering principle for both 
receivers are given tn figure 7.4-2 
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Figure 7.4-2 One cell power supply concept for 
UAA2050T (a) and UAA20338T (b) 
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During receiver operation, the voltage doubler should 
provide a constant supply voltage (low noise) for the 
receivers, in order to obtain best receiver performance. 
However, the supply voltage may be allowed to vary over 
ageing of the application, but the lower and upper supply 
voltage range has to be considered. The supply current 
for the receivers is nearly independent of the applied 
voltage. Since a voltage doubler will be found to sink 
some quiescent current, even if it is unloaded, one may 
demand to power down the voltage doubler during this 
time, to increase the battery lifetime. Such kind of 
operation has been suggested in fig. 7.4-2, where the 
voltage doubler is being powered down by the receiver 
enable signal (RE), together with the receiver itself. Since 
the receiver on/off period is about 1 sec. normally or even 
less (e.g POCSAG paging at 512 bps) a smoothing 
capacitance may be used to hold the doubled receiver 
supply voltage for some time, during power down 
conditions. This will shorten the settling time for the 
voltage doubler output voltage. During long power down 
conditions an additional diode may be introduced to 
prevent the doubled receiver supply voltage dropping 
below the battery voltage, which will fasten the voltage 
doubler restart duration. While in power down mode, the 
receiver sinks very less current, so that the self-dischorge 
and additional leakage currents (e.g voltage doubler) are 
decisive for selection of the capacitance. 


8. TEST RESULTS 


The AC test results presented have been measured for 
UHF and VHF, using the testboards given in appendix C 
and additional test applications. The tuning procedure 
and AC test conditions applied to the applications are 
explained first. The test signal, used as a reference signal 
for the following AC tests, is a sine-wave signal with a 
frequency (f,, --4,;) Of 470 MHz resp. 174 MHz, modulated 
by a square wave, using a modulation frequency of 

256 Hz (512 bps) resp. 600 Hz (1200 bps). The frequen- 
cy deviation (Af is 2,5 kHz, 4,0 kHz resp. 4,5 KHz. 


r-tEs7) 


8.1 Tuning procedure for AC tests 


Figure 8.1-1 shows the measurement set-up for tuning 
the receiver test applications. 
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Figure 8.1-1 Measurement set-up for tuning of a test 
application 


A) Connect the application under test to a power supply. 
Apply a voltage source of V,,.,. = -0,5 V using 
UAA2050T resp. V,.. = -0,59 V using UAA2033T to 
the test point AFC (AFC, see appendix D.1 and D.2 
for pin number). 


Measure the oscillator frequency and tune oscillator 
tank circuit to set the XTAL oscillator to a frequency 
of: 


Late = fy test t forrs. +100Hz 
With: 
forrs = — * Atty rest 


A= 1,3 resp. 5, depending on the RF signal 
frequency and application. The testboards shown in 
appendix C use A= 5 for the UAA2050T at UHF and 
A= 3 at VHF for the UAA2050T resp. UAA2033T. 


B) Remove tesi voltage source at AFC test point and turn 
on the signal generator with testmodulation (RF input 
level = 1 mV). Note that in the following tests the RF 
signal generator level has to be reduced as the 
receiver is tuned to ensure that the peak-to-peak 
output voltage ait the limiter input LIM IN (LIM IN, see 
appendix D.1 and D.2 for pin number) lies between 
20 mV and 100 mV. 


C) Tune the multiplier tank to obtain peak audio level 


output at LIM IN (LIM IN, see appendix D.1 and D.2 
for pin number). 
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D) Tune the RF input matching circuit and additional! the 
RF filter circuit following the LNA, provided In the 
UAA2050T, to obtain peak audio level output at LIM IN 
(LIM IN, see appendix D.1 and D.2-for pin number). 


E) Disconnect any frequency measuremeni set-up, if 
connected, from the oscillator circuitry. Measure the 
voltage at AFC (AFC, see appendix D.1 and D.2 for 
pin number) and check that it is wiinin the range 
-0,48 to -0,52 V for the UAA2050T and -0,58 to 
-0,60 V for the UAA2033T. If the AFC level is found to 
be outside this range, than tune the osciliator tank 
until the AFC level comes within the limits. 


F) Check the data output DO (DO, see appendix D.1 and 
D.2 for pin number) signal train for correct polarity an 
clean wave form, using an oscilloscope. 


8.2 AC test conditions 


A simple digital method is used to perform an 
approximate bit error rate (BER) measurement. The RF 
signal level thereby obtained, is used as a reference level 
for the following AC measurements. The measurement 
set-up is shown in figure 8.2-1. The RF signal source is 
modulated by a square wave of 256 Hz (512 bps system) 
resp. 600 Hz (1200 bps system). Under strong signa! 
conditions the frequency counter, connected to the data 
output DO (DO, see appendix D.1 and D.2 for pin 
number), reads the exact modulation frequency (256 Hz 
resp. 600 Hz). If it is assumed that the bit error duration is 
nearly always less than one bit length, bit errors occurring 
because of weak signal conditions, increase the data 
output frequency. For a bit error rate of 10° (1 bit error in 
100 bit) the data output frequency changes from 256 Hz 
to 261 Hz (512 bps system) resp. from 600 Hz to 612 Hz 
(1200 bps system). 


fo Pe ioe a] aes = 
i i 
| 1 


| Frequency 
Test Circuit nae q y 
Counter | 


Figure 8.2-1 Sensitivity measurement set-up 
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For the remaining AC tests a measurement set-up like 
the one shown in figure 8.2-2 has been used. 


Frequency 


Counter 





Figure 8.2-2 AC test measurement set-up 
8.2.1 Sensitivity 


G, testsignal ited 


J TX-TEST 


V,=V 


SEN-EMEF/2 
Data output signal corresponding to the sensitivity 
definition. 


The signal level obtained is used as a reference signal 
level for the following AC measurements. 


Voa= V. 


REF SEN-EMF/2 


8.2.2 Adjacent channel selectivity 


G, testsignal DS Tras V, = Vagget 3 dB 
G, unmodulated f, = fl+ oeeee Vi= Vit. 


Data output signal corresponding to the sensitivity 
definition. 


8.2.3 Co-channel selectivity 


G, testsignal f=f. V_ = Vet 3 dB 


TX-TEST 


G, unmodulated f,=f,+3 kHz (max) V,=V,- a, 


Data output signal corresponding to the sensitivity 
definition. 
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8.2.4 Spurious response rejection 


G, testsignal f= lias _ = V_ipt 3 dB 
G, unmodulated f=f,+ Af; Vi= Nh Oa 
AE > 27 


TXCH 


100 kHz to 1 GHz 


Data output signal corresponding to the sensitivity 
definition. 


8.2.5 Intermodulation response 
V..= Verpt 3 dB 


G, testsignal leer NP tee, Vi = Vet Oe 
G,unmodulated =f, = fy peop + N* Ea xcy V2=VT+ ,, 


Data output signal corresponding to the sensitivity 
definition. 


8.2.6 Blocking 


G, testsignal ee) one V,=3 dBuv 


f,=f,£ Af Af>4 MHz V, =V,,, 


EMF 
G, unmodulated 


Data output signal corresponding to the sensitivity 
definition. 


8.2.7. AFC lock-in-range 


G, testsignal f, = Te hes SAE ae 


V =Veep + 3 dB 


Data output signal corresponding to the sensitivity 
definition. 
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8.3 Overview on test results 


pecene! type 


RF test pendence: | 


RF deviation 
Afox 


. channel spacing 


foxcH 


Sensitivity 
VsEN-EMF /2 


Adjacent channel 
rejection 
San 












Co-channel 
selectivity 


Aco 


Ogre 








a 


Data rate 
DR 512 nie 1Z004 S12) 


Spurious response 


intermodulation 
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UAA 2050T |UAA 2033T 


25 125 | we 


ERerrer 


nel 83| 83 83} 82. mn 


AFC range 
Afarc 


3,0] 2,7) 3,0] 3,0] 2,0 2,0] kHz 


1* Value not measured 


Note: The values listed above represent typical case. 
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9. PCB LAYOUT HINTS 


In general one should notice that the realizing an RF 
receiver is a hard job to do, when the frequency ap- 
proaches UHF. Especially applications operating at UHF, 
which require minimum space (e.g. pager) and demand a 
careful layout. It isn’t unusual that several-attempts are 
necessary to find an acceptable layout. Hints given in the 
following sections may be helpful to avoid major 
problems concerning the layout. 


9.1 Parasitic coupling between the RF circuits 


Since the wanted signal (receive frequency) and the 
mixer injection signal (provided by the frequency 
multiplier) are almost at the same frequency, there is no 
suppression possible, which avoids the receipt of the 
injection signal at the mixer input itself. The injection 
signal may be fed into the mixer input via the antenna or 
parasitic coupling somehow. In this case, the mixer mixes 
two signals with the same frequency. According to the 
phase displacement, an offset voltage at the mixer output 
results. This offset voltage is undesirable and will 
influence the biasing of the whole IF section. Sometimes 
it becomes difficult to avoid an offset, because of 
minimum space requirements. A rule of thumb is that an 
offsets of about 50 mV has been found not to cause 
problems. 


Magnetic coupling of the rf-filter components can be 
minimized by positioning the inductances in a way that 
the magnetic fields produced, are at an angle of 90° to 
each other. The area enclosed by the components being 
in resonant has to be kept very small. Notice that the 
signal power within the resonani circuit is Q? times 
greater than the driving power. So, the components being 
in resonance should be placed as close together as 
possible. 


Capacitive coupling can be minimized by avoiding 
crossings of rf interconnections with common lines (i.e. 
ground). In addition there should be proper spacing 
between different RF interconnections. 


In general the RF circuits should be built up as compact 
and close to the corresponding IC pins as possible. This 
minimizes the parasitic reactances and the coupling with 
the IF and data processing sections. Avoiding ground 
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plates under the rf interconnections gives the opportunity 
to use larger capacitances for the RF circuits offering 
easier tuning and temperature drift compensation of the 
RF section. . 


A simple procedure may help to locate parasitic 
couplings. Since the parasitic couplings will produce an 
offset, the IF filter biasing can be monitored to identify 
parasitic couplings. The IF filter biasing (do voltage) may 
be monitored at IFF, (IF-filter input, see appendix D.1 and 
D.2 for pin number). For example, to monitor the dc 
voltage while the frequency multiplier outputs are 
shortened and not shortened may indicate an offset and 
its source. 


9.2 Parasitic coupling between the front- and 
backend 


The RF sensitivity may be reduced by coupling of 
frontend related components with backend related 
components. Special care should be taken on the 
components related to the sections following the limiter, 
because these sections produce signals with fast 
transitions. 


To monitor the IF signal at the limiter input LIM IN (IF filter 
output, limiter input, see appendix D.1 and D.2 for pin 
number) may help to check for undesired cross 
couplings, using an oscilloscope. A coupling between the 
data discriminator and the RF section or between the 
data output and the RF section is characterized by an 
overshoot resp. a fade at every transition of the data 
output signal. An instability or probably an oscillation of 
the IF section may result from a coupling between the 
limiter and RF section. 


Further investigation, using a spectrum analyzer to 
monitor the IF spectrum, may identify a coupling between 
the discriminator delay stage and the RF section. The 
IFspectrum than found contains harmonics of the wanted 
signals, especially the second. The 2nd order harmonics 
will be found to be nearly independent from the input 
level. To simplify the interpretation of the IF spectrum, 
one may transmit only one carrier (f,-IAf_,! or f, +1Af,/). 


All these parasitic effects can be minimized by avoiding 
crossing of RF interconnections with IF interconnections 
or the discriminator interconnections. In addition the 
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signal ground for the RF, IF and the discriminator section 
should be separated from each other before they meet. 
This should be as close as possible to the signal ground 
connection VP (positive power supply, see appendix D.1 
and D.2 for pin number) of the IC. 


9.3 Parasitic coupling influencing the IF fitter 


Similar parasitic couplings to the ones mentioned 
between the frontend and the backend (see 9.2) may 
occur within the backend. Since the signal level obtained 
in the IF filter section may be very small, parasitic 
coupling between the IF filter and the limiter or the 
discriminator or the data output may influence the IF 
finering behaviour. They can be identified by the some 
methods described earlier (see 9.2). 


9.4 AFC 


The capacitance attached to the pin AFC (see appendix 
D.1 and D.2 for pin number) used for afc integration 
should have a separate ground interconnection to the 
signal ground VP (positive power supply, see appendix 
D.1 and D.2 for pin number). Because any voltage drop 
produced at this interconnection will directly tune the 
XTAL oscillator and therefore may appear as an 
additional undesired frequency modulation. 


9.5 Data output 


Apart from the receiver enable input (RE) the data output 
(DO) (see appendix D.1 and D.2 for pin number) 
interconnection should be as short as possible, since 
these lines are the ones with the largest voltage swing 
appearing. Operating the receiver at UHF, an additional 
resistor introduced within the data output interconnection 
may be helpful to reduce a cross coupling from the data 
output signal. A resistor of 100 kQ has been found to 
operate proper together with the CMOS PCA5000T 
paging decoder. The resistor has to be provided close to 
the data output pin DO (see appendix D.1 and D.2 for pin 
number). 
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APPENDIX be = Transmitter center frequency 
txors. =~ Lransmitter frequency offset 

A. Formulae symbols fxosc = Receiver crystal oscillator frequency 
Lxcy = Transmitter channel spacing 

Oo = Crystal pulling ratio L. = Capacitance leakage current 

AA = Relative frequency drift over aeging (per year) IMR  =Impedance matching ratio 

Axo }=©60 = AFC range ;: Lany = Antenna inductancency 

AME ck «= = Maximum AFC lock-in-range oe = Tank circuit inductance 

a a = Receiver frequency error N = Pager operation in years 

cS a = Transmitter frequency deviation Pway = Minimum crystal pullability 

AT = Relative frequency drift over specified Prax = Maximum crystal pullability 

temperature range Rant = Antenna impedance real part 

e) = phase-shift ae = Resistor for gain attenuation 

Q(@) = phase-shift as a function of w R, = Input impedance of the following stage 

A = Receiver device dependent ar = Receiver input impedance real part 

A. = Gain attenuation [dB] Rip. = Load resistor at amplifier output 

DO. = Chebychev coefficient Ag = Source impedance 

b, = Chebychev coefficient So = Relative frequency difference 

C.., = Static crystal capacitance Sag = Relative receiver frequency error 

C, = Matching circuit capacitance Saxuax = Maximum tolerable relative receiver frequency 

C,, = Dynamic crystal capacitance error 

C, = Matching circuit capacitance oy = Relative transmitter frequency error 

C,c, =AFC pulling capacitance 

Coom = Compensation capacitance 

Cooyp = Coupling capacitance 

C.., = Tank circuit capacitance 

on = Receiver input capacitance 

Gi = Multiplier circuit capacitance internal . 

C. = Effective AFC pulling capacitance 

C. = Matching circuit capacitance 

Cio, = Total matching circuit capacitance 

C.., = Parasitic capacitances 

dfc = Crystal Capacitive pulling range 

di, = Crystal inductive pulling range 

DR = Data rate 

‘3. = Cutoff frequency 

is = Upper passband limit frequency 

ae =: Discriminator center frequency 

Vis = Lower IF tone frequency (logic zero norrnaily) 

1 = Upper IF tone frequency (logic one normally) 

fieyo = Upper IF-filter cutoff frequency 

fies = Attenuation pole frequency 

fores = Receiver frequency offset 

tay = Receive centerfrequency 

i. = Stopband limit frequency 

on = Crystal series resonant frequency, without load 

f = Terminal frequency (End of ripple channel) 


anal 
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B.1 PCB Layout Testboard UAA2050T 
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B. PCB Layout Testboard 
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B.2 PCB Layout Testboard UAA2033T 
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C. Pinning 


C.1 UVAA2050T 


pin 


OOAN OoahWhND — 


MOMMY NMNMNMNNMN | HBeH taser au 
ON OMA AN HX COON OAR WN © 


mnemonic 


IFF2 

Ire 

AFC 

OSC IN 
OSC AFC 
OSC OUT 
VP 


PREAMP, 
PREAMP, 
LC2 

Kes 

MIX1 
MIX2 

LIM IN 
IFF, 

IFF, 

iFF, 


description 


lf-filter 2 ‘ 

If-filter 1 

afc (test point) 

oscillator input 

oscillator afc pulling 
oscillator output 

positive supply voltage 
multiplier coil 1 

multiplier coil 2 

afc delay 

demodulator deloy 

data filter 1 

data filter 2 

data output 

negative supply voitage 
recelver enable input 
current control input 
battery low indicotor output 
pre-amplifier input 1 
pre-amplifier input 2 

limiter decoupling 2 

limiter decoupling 1 

mixer input 1 (ore-amplifier output) 
mixer input 2 (pre-amplifier output) 
limiter inout(testpoint) 
if-filter 5 

if-filter 3 

if-filter 4 
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C.2 UVAA2033T 


pin 


COnNOOBhAN — 


mnemonic 


LG; 
EC, 
IFF. 
CC 
LIM IN 
IFF, 
IFF, 
IFF, 
MIX, 
MIX, 
IFF, 
MIX, 
MIX, 


RE 
DAT OUT 
DAT F, 
DAT F, 
DEMODD 
AFCD 
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description 


limiter decoupling 2 
limiter decoupling 1 
if-filter 5 

current control input 
limiter input (testpoint) 
if-filter 4 

if-filter 3 

if-filter 1 

mixer input 2 
mixerinput 1 

if-filter 2 

mixer output B 

mixer output A 

positive supply voltage 
negative supply voltage 
multiplier coil 2 
multiplier coil 1 

afc (test point) 
oscillator output 
oscillator input 
oscillator afc pulling 
battery low indicotor output 
receiver enoble input 
data output 

data filter 2 

data filter 1 
demodulator delay 

afc delay 
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D.1 UAA2050T UHF application 


| J vcc2 | Jj Bi LJI-RE (Lj VEE 





2—10pF TJ voc4 Data LJ Out 


1990-08-20/HCO9002 IV-75 


Philips Semiconductors Pager Applications Handbook 


Pager receivers Digital Paging VHF/UHF Receivers UAA2050T and UAA2033T 





|_| ¥VOC2 LJ Bi . L JRE CIJVEE 


cas 
10m" 





UAAZ050T 


Dernedulator 






Data CJ Out 


1990-08-20/HCO9002 IV-76 


Philips Semiconductors 


Pager Applications Handbook 


Pager receivers Digital Paging VHF/UHF Receivers UAA2050T and UAA2033T 


D.3 UAA2033T VHF application 
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Summary: 


This report is intended to provide application support for 
designing paging receivers with the UAA2080 integrated 
circuit. It contains worked-out examples of application 
circuits at three widely differing frequencies of 173, 288 
and 470 MHz. The necessary theory and simulation 
results have been included, to enable the designer to 
operate at other frequencies. Designing receivers usuaily 
require a trade off between sensitivity and spurious 
rejection. Fortunately, with the novel features of the 
UAA2080T, the decrease in sensitivity (around 1dB only) 
is marginal compared to the large spurious rejection that 
can be attained (about 70 dB at 173 MHz), when 
measured at multiples of the crystal frequency. 


The first chapter contains the three application circuits 
along with a list of components, and hints regarding 
tuning and PCB (printed circuit board) layout. The 
remaining chapters provide ihe necessary theory along 
with worked-out application examples for the three 
selected frequencies. Chapter 2 gives complete 
theoretical background into designing the UAA2080 
Colpitts Oscillator using a crystal. However, the detailed 
equations may not be required if the crystal specifications 
and the application circuit are adhered to. Chapter 3 
covers the design of the frequency multiplier. The phase- 
shifter to obtain quadrature phase between the | and the 
Q channels, is described in chapter 4. Graphs of 
simulated component values are given so that quadrature 
phase can be obtained for a required frequency of 
operation. Chapter 5 gives useful equations for input 
noise and output power matching for the low-noise RF 
amplifier. Formulas to calculate intercept point and 
intermodulation immunity are included. Noise, impedance 
and gain characteristics of the RF amplifier are included 
to aid in proper circuit design. The mixer and IF stages, 
including the demodulator, are described in chapter 6. 
These stages, which are fully integrated, require little or 
no application circuit designing. 
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INTRODUCTION 


1.1 VAA2080T Advanced Paging Receiver 
Architecture 


The UAA2080 is a single-chip radio receiver for VHF and 
UHF wide-area paging transmissions up to 512 MHz with 
FSK data rates up to 2400 baud. It integrates low-pass 
filters which perform all adjacent channel selectivity. Off- 
chip passive components are required only for local 
oscillator frequency determination and FF filtering. At 
1200 baud, the IC gives -126 dBm sensitivity, 70 dB 
adjacent channel immunity and 60 dB intermodulation 
(IEC method) to satisfy POCSAG pager requirements. 


Figure 1.0 UAA2080 Pager Receiver Architecture 
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The spurious rejection is close to 70 dB for VHF 
applications. 


A zero intermediate frequency (IF) receiver is used to 
make channel filtering possible with low-power integrated 
low-pass filters. This is a single superhetrodyne receiver 
in which the nominal IF is zero. To separate the signal 
below and above the carrier frequency, two IF channels 
are used that carry signals mixed down from RF in phase 
quadrature. Fig. 1.0 shows the receiver architecture. The 
pager antenna is coupled to the RF amplifier amplifier 
input, and the demodulated digital output is connected to 
a CMOS decoder IC (e.g. PCF5001T for the POCSAG 
code) designed for the paging format in use. 


| 
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BATTERY 
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DATA O/P 
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RECEIVER 
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Figure 1.1 gives further details of the UAA2080. The RF suit the operating frequency. The mixer outputs feed two 
amplifier is a fully differential cascode stage, driving off- identical signal channels in phase quadrature. In each 
chip LC networks to apply quadrature phase shifted RF channel a single-pole RC filter precedes the first low- 
signals to the two mixer inputs. The common-base input noise amplifier. Together with the following fully 
Gilbert-Multiplier mixers provide a controlled load differential Sallen and Key stage this gives a third order 
impedance to the quadrature phase-shift network. A filter that protects the following gyrator filter from strong 
frequency multiplier derives the local oscitator (LO) adjacent channel signals. The unwanted dc offset from 
signal from a fixed crystal oscillator for single channel the mixer and succeeding stages is removed by a 
operation. External resistors set the current in the crystal differential input single-ended output high-pass filter. 


oscillator, frequency multiplier and RF amplifier stages to 


RE 00 BLI iS GSE OSB GND3 OSC TOC RMUL VO@MUL VOIMUL RGYR COM 


Lg 18 La LG is 





CYRRTOR ACTIVE LOW NOISE | 


FILTER | 
om 


VOLTAGE wer 
FOLLOWER | =e 
1 C 3 U 5 G 7] 8 g 10 Id le La 14 


[Pl TPQ VIIRBF VieRF RAFA GND!I VO2RF VOLRF  V, VI2@MI] VIIME VI1MQ VI2MQ GNDe 


Figure 1.1 UAA2080T Pager Receiver internal blocks 
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The main channel filter is a gyrator-capacitor 
implementation of a seven-pole elliptic filter. The elliptic 
filter minimises the total capacitance required for a given 
selectivity and dynamic range. Two-input-one-output 
linearised tunable transconductors are used in a leap-frog 
topology. Normalised to a 150 kQ gyration resistance (set 
by a 47 kQ external resistor for 25 KHz‘or 20 kHz channel 
spacing, so that the IF bandwidth is 9 kHz), each filter 
consumes 3 LA. An 100 kQ external resistor lowers the 
cut-off frequency for use with 12.5 kHz channel spacing. 
Base current compensation reduces offset voltage build- 
up in the filter, and a voltage limiter gives rapid recovery 
from overload. The following limiter amplifier provides 

75 dB small signal gain before the demodulator. It 
contains fully differential dc block circuits that provide 

150 Hz cutoff frequencies with 330 pF capacitors. This 
leads to the dc blocks using only 15% of the total on-chip 
capacitance. This dc coupled differential structure gives 
short turn-on times despite the long RC time constants. 


The demodulator is a 2 uA/gate current-mode logic circuit 
that detects the relative phase of the | and the Q channel 
signal at each zero crossing in either channel. If the | 
channel signal leads the Q channel, the FSK tone 
frequency lies above the LO frequency (POCSAG data 
'0'). If the | channel lags the Q channel, the FSK tone lies 
below the LO frequency (POCSAG data '1'). The 
demodulator uses all the information contained in the 
hard limited IF signal to give a 80% call success rate with 
the PCF5001T decoder when the S/N at the limiter input 
is about 1dB. The CMOS compatible data output buffer 
has controlled output slew rate and a constant drive 
current to minimise interference with low-level signals on 
chip. A battery-level indicator detects supply voltages 
below 2.05 V and gives a warning logic output to the 
decoder IC. The UAA2080 can be powered up and down 
in 5 ms by enabling and disabling the main bandgap 
voltage reference that biases the entire chip. (Paging 
codes such as POCSAG allow the receiver to be turned 
off periodically to conserve the battery.) 
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Typical performance at 470 MHz (from a 50 Q source) 
measured with 4 kHz deviation 1200 baud PRBS 
Data Rate 1200 baud (250 us rise/ 
fall time for frequency 
modulation) 

20 kHz-30 kHz 

-126 dBm at 80% call 
success rate using 
PCF5001T decoder 
Adjacent Channel Rejection 70 dB 

intermodulation rejection,IM3 60 dB 

Spurious Rejection > 60 GB at multiples of 
crystal! frequency 

better than +/- 2.5 kHz 
for 3 dB loss in sensitivity 
Blocking (1 MHz off) 82 dB 

Power Consumption 2.7 mA at 2 V typical 
Power Down Current < 1 WA typical 


Channel Spacing 
Sensitivity 


Frequency Offset 
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1.2 UAA2080T Pin Description 


SYMBOL DESCRIPTION 


IF test point (I channel) 








IF test point (Q channel) 
low-noise RF amplifier input 1 
low-noise RF amplifier input 2 


external emitter resistor of low-noise RF amplifier 





ground 1 (0V) (ground for IF LNA, and substrate) 








low-noise RF amplifier output 2 


low-noise RF amplifier output 1 







VP 2.05-3.5V positive supply voltage, Vcc 








VI2MI I-channel mixer RF input 2 






VIIMI I-channel mixer RF input 1 





















VI1MQ Q-channel mixer RF input 2 








VI2MO Q-channel mixer RF input 1 





GND2 ground 2 (0V) (ground for mixers) 


COM gyrator filter resistor (common line) 





oo 





RGYR Qyrator filter resistor 





VOILMUL frequency multiplier output / mixer LO input 1 






VO2MUL frequency multiplier output / mixer LO input 2 





RMUL external emitter resistor for frequency multiplier 


TDC 





dc test point (not to be connected) 





Osc oscillator cascode output 











GND 3 ground 3 (0V) (ground for IF stage) 





oscillator base 
oscillator emitter 
test switch (selects DO and BLI, or I&Q limiter oa/p) 
battery low indicator / limiter 0 output 
data output / limiter I output 


receiver enable 
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1.3 Principle of Operation 


The UAA2080T paging receiver accepts FSK (frequency 
shift keyed) signal from the antenna, and provides the 
demodulated binary data at its data output terminal. The 
application circuit is designed to receive only a single 
channel i.e. at a fixed carrier frequency.-The data rate, 
modulation frequency deviation, and transmitter-receiver 
frequency offset should be such that the signal power lies 
within +/- 10 KHz of the receiver LO frequency. This 
corresponds to the 10 KHZ maximum upper cutoff 
frequency that can be set for the IF filter of the 
UAA2080T. 


Ideally, the received signal’s carrier frequency is shifted 
down to zero hertz by multiplying by a LO (local 
oscillator) signal having the same frequency as the 
carrier. This means that ideally the original signal 
spectrum has been folded about the carrier frequency, 
that has further been translated down to zero Hertz. The 
received signal is split into two channels (I and Q) with a 
relative phase difference of 90°, prior to the multiplication 
with the common LO. The | and the Q IF signals that 
emerge after multiplication by the common LO, maintain 
the same relative phase. In order to have positive and 
negative phase differences for data one and data zero 
respectively, the frequency offset between the carrier and 
the LO, must be less than the modulation frequency 
deviation, as explained below. 


The received signal is 

Cos(, - Aw,)t for data one, and Cos(w, + Aw,)t for data 
zero. w, Is the carrier frequency. Aw, is the deviation for 
data one, and Aq, is the deviation for data zero. 


After phase splitting the received signal into the | and the 
Q channels, the signals become 

Cos[(@, - Aw,)t + 0] for data one, and 

Cos[(w, + Aw,)t + 8] for data zero, in the | channel, and 
Cos|(w, - Aw,)t + 8,] for data one, and 

Cos[(@, + Aw,)t + 8,] for data zero, in the Q channel. 

0, and 0, are the phase shifts introduced in the | and the 
Q channels respectively, during phase splitting of the 
received signal. 


The LO signal is Cos[(w, + @,,.,,Jt, where w,,,.., iS the 
offset (either positive or negative) from the carrier o,. 
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After multiplication with the LO, two IF signals emerge. 
The upper IF signals are in the RF band, and are filtered 
off. The lower IF signals are in the audio band. They are 
as follows. 


+ Aw,)t - 8] for data one, and 
Cos[(O, 4 7 AM,)t - @] for data zero, in the | channel, and 
+ Aw,)t - 8,] for data one, and 


COSl[(W poop 7 AM,)t - 6] for data zero, in the Q channel. 


offset 
The relation 2Cos(A)Cos(B) = Cos(A+B)+Cos(A-B) is 
used to obtain the above result. The term Cos(A-B) 
corresponds to the lower IF in the audio band, and the 
term Cos(A+B) corresponds to the upper IF in the RF 
band. 


The | and the Q channel audio IF signals are represented 
as phasors in Fig. 1.2. During data '1' bit period, the 
phasors revolve anticlockwise at an angular speed of 
AW, + O,... While during the data ‘0’ bit period they 
revolve clockwise at an angular speed of Aw, - @,,.... The 
instantaneous | and Q channel IF voltages are the 
projections of their respective phasors on the X-axis. 
Whenever a phasor coincides with the positive or 
negative Y-axis, the instantaneous voltage of its channel 
is zero, and corresponds to an edge in the hard-limited 
waveform at the output of the limiter. During data ‘1’ the 

| channel edges lead the Q channel edges by 0520, 
degrees, because the | channel phasor crosses ‘the 
Y-axis first (due to anticlockwise rotation). During data 'O' 
the Q channel edges are ahead by the same amount i.e. 
8, - 8, degrees, since now the Q channel phasor crosses 
the Y-axis first (due to clockwise rotation). The data 
demodulator is simply a lead-lag phase detector that 
updates the data output at every zero-crossing (i.e. edge) 
in each channel. For maximum sensitivity, 0, - 8, should 
be 90° degrees, so that the zero in one channel occurs 
with the peak in the other. The magnitudes of the phasors 
(i.e. amplitudes of | and Q channel signals) should also 
be equal for better sensitivity. 


It is important to note that the phasors must rotate in 
opposite directions for data '1' and data 'O' in order have 
a change in the polarity of the relative phase. This implies 
that lo,,...,| < Aw, and lo,,..,! < A@, must always hold i.e. 
the received signal frequency must always cross the LO 
frequency during 1-0 or 0-1 data transitions. 
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Y 


Figure 1.2 | and Q channel phasor representation 


AW, + W 


a" 


: ee Wo - W offset 
GC X 


- 8, 


offset 






1.4 Receiver Tuning Procedure 
a) Coarse tuning of the crystal 


The three application circuits which are given in the next 
section, are to be tuned as follows. The signal generator 
(50 Q source) is connected to the RF input of the 
receiver, and the frequency is kept at the nominal 
receiver frequency. The RF signal amplitude is initially 
kept very large, at about 50 mV. The audio IF signal at 
TPI or TPQ is displayed on an oscilloscope (time base at 
200 us/division). The crystal is tuned (by C16 of C17) till 
a signal of approximately 2-4 kHz is observed. The 
amplitude could be very small, so the voltage setting on 
the oscilloscope should be 1-5 mV/division. If a damping 
resistor R6 is used, then it must be kept at the maximum 
value. 


b) Tuning all tank circuits 


After the coarse tuning of the crystal, the receiver’s LO 
frequency is within a few kHz of the correct frequency, 
and therefore all the tank circuits can now be tuned. All 
other tuning capacitors are carefully adjusted in order to 
maximise the IF amplitude. The signal generator level is 
decreased and adjusted so that the IF amplitude is 
always less than 25mV (this avoids gain compression in 
the IF signal path). For the 470 and 288 MHz 
applications, C12 will have a large range over which the 
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IF amplitude remains maximum. This is due to overdrive 
signal level at pin 21. Proper tuning of C12 is given below 
under the section on Spurious Rejection. 


c) Fine tuning of the crystal 


The crystal is again tuned till there is no signal displayed, 
or the signal frequency is very small (this occurs when 
the LO frequency is nearly equal to the signal generator 
frequency, so that the difference in frequency which is the 
IF, is very small, say within 100 Hz). Under this condition, 
turning the tuning capacitor (C16 or C17) very slightly in 
either direction from the optimal position, increases the IF 
frequency. 


The oscilloscope time-base Is increased to 1 ms/division, 
and the crystal is carefully further fine-tuned to display 
the lowest possible frequency on the oscilloscope. At this 
stage, the LO has been tuned to the nominal receiver 
frequency, with an error equal to the frequency of the IF 
signal that is displayed on the oscilloscope. 


d) Spurious Rejection 


The IF signal is made 4 kHz (deviation frequency) at 

20 mV amplitude by changing the signal generator 
frequency by 4 kHz from the nominal receiver frequency, 
and adjusting its attenuation. Next, R6 is reduced so that 
the IF amplitude decreases by half. This removes the 
overdrive at pin 21, thus enabling the proper tuning of 
C15, which is now tuned again, along with C12, to 
maximise the IF level. R6 is then made maximum and the 
signal generator adjusted to give 20 mV IF level. R6 is 
reduced till the IF amplitude drops to 17 mV. This ensures 
that the LO level is just sufficient to switch the mixers, 
and not larger, as that would degrade spurious rejection. 
With this final adjustment, the receiver is fully tuned, and 
its spurious rejection (for VHF receivers) can be close to 
70 dB. Reducing the IF level even further would result in 
an even better spurious rejection, with a slight decrease 
in sensitivity. In circuits that do not use the damping 
resistor R6, the IF level is finally reduced from 20 mV to 
17 mV by detuning C15. 
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1.5 APPLICATION CIRCUITS 


C18 
hin InF l 
Lg 
S60nH 
BLI << 
D0 <7 
RE << 









URACHBOT 
7 8 9g 
C19 Cll 
aes 
—_— 2.5-GpF | [Rl 2. 7pF 
eee L3 L2 = 
BnH AnH 
2. UpF 
cy cs 


C1 j12.5nH | C2 
2. pF AEA CORE 2. 7pF InF Inf 
AF_ INPUT te = ot —— = —— 
GND GND GND GNO GNO GND 


Figure 1.3 469.95MHz Application 
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GND GND GND GND cna 
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Figure 1.4 288.234MHz Application 
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C20 






R6 olinF = [i OuF 
106 UV 


os 


GND GNO 








9 | 11 
Cio; Cil 
1OpFi 1QpF 





6. 2pF 
Cl i. u3nn 1 C2 cy cs 
8.2pF Al® CORE 8. 2pF InF lar 
RF __INPUT — —--- —. ae —— —_— 
GND GND GNO GND GNO GNO 
Figure 1.5 172.941MHz Application 
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List of Components 









































CRYSTAL 


330Q 
47kQ 
680Q 
1.2kQ 
1.8kQ 
5kQ pot. 


2. IDE 
2.7pF 
2.5-6pF 
inF 

InF 
2.5-6pF 
2.7pF 
2.7pF 
2.7pF 
Z22pF 
22pF 
2.5-6pF 


LOWF tant. 


inF 
3-10pF 
13-50pF 
15pF 
inF 

InF 
InF 


12.5nH air core 


8nH 
8nH 
40nH 
40nH 
8nH 
8nH 
100nH 
560nH 





78.325 MHz 
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VALUE 


330Q 
5 6kQ 
68092 
1.2kQ 
1.8kQ 


4.7pF 
4.7pF 
3~-10pF 

inF 

lnF 
3-10pF 
3.9pF 
3.9pF 
3.9pF 
LOpF 

1OpF 
3-10pF 
10uF tant. 
inF 

9-—40pF 
13-50pF 
15pF 

inF 

inF 
inF 
56pF 





35.5nH air core 


15nH 
15nH 
68nH 
82nH 
18nH 
18nH 
33nH 
560nH 








43nH air core 


48.039 MHz 
















330Q 

5 6kQ 
1.5kQ(680Q) 
2. 2kQ)(1.2kQ) 
1.8kQ 

100Q pot. 


















8 .2pF 
8 .2pF 
5~20pF 

inF 

1lnF 

5-20pF 

8 .2pF 
8.2pF 

8. 2pF 

1LOpF 

LOpF 
5-20pF 
10uF tant. 
InF 

—- (13-S0pF) 
13-S50pF 
LSpF 

inF 
inF 
InF 
27pF (82pF) 


































22nH 
22nH 
150nH 
150nH 
33nH 
33nH 
27nH (68nH) 
560nH 















57.647 MHz 


The values in brackets for the 173MHz circuit, are an alternative, that may give a slightly worse spurious rejection. 


920131/ETT91003 


IV - 89 


Philips Semiconductors 


Pager receivers 


1.6 PCB Layout Guidelines 


Proper layout of components and copper tracks is 
required in order to attain optimal receiver performance, 
both in terms of sensitivity, and spurious rejection. At 
UHF, the PCB layout of a pager tends to be a rather 
critical issue, and it is not uncommon te have 3 or more 
redesigns. The following are some general guidelines 
that assist in proper layout design. 


a) Keep the loop area of an RF current path as small as 
possible, as it minimises outgoing radiation, as well as 
spurious pickup. This implies that componenis of a tank 
(parallel resonant) circuit should be very close togeiher. 
The Colpitts Oscillator circuit comprising C16, C17 and 
the crystal, form a tank. C18, R5 and L9 should be close 
to C16. The oscillator draws a large RF current from the 
supply, and the loop is closed by the supply and ground 
poinis. Therefore, the supply point of L8-C15/22-R6 and 
the ground point of crystal-C16-R5-C18, should be close 
together. The frequency multiplier circuit comprising R83, 
R4, C12, C21, L6 and L7, along with the ground and 
supply points, should enclose a minimal area. The 
ground points at R4 and C21, should be close togeiner 
so that the common mode current (which is bypassed by 
C21) produces minimal signal in the ground line. In 
general, all RF circuits shou!d be compact and close to 
the IC pins to which they connect. Also, the RF current 
loops of the oscillator and the frequency multiplier, should 
not touch the circuitry of the frontend (RF amplifier and 
phase shifter). 


b) The ground of the low noise IF amplifier (immediately 
following the mixer) is at pin 6. This is also the connection 
to the common substrate of the UAA2080T. The mixer 
ground is at pin 14, while the rest of the circuits have their 
ground at pin 22. These three pins should be directly 
connected to a ground plane under the IC so that they 
are at ihe same reference level. 


c) Parasitic coupling of the ocsillator and frequency 
multiplier, with the RF amplifier should be minimised in 
order to improve spurious rejection and sensitivity. 
Coupling between the mixer LO and the RF amplifier 
produces a dc offset voitage at the mixer output. This 
reduces the gain of the following IF section. 
Unfortunately, the dc offset cannot be measured directly 
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since it is not available at externa! pins. It manifests as a 
reduction in sensitivity. Large coupling shows sudden 
change between the | and the Q channel gains with slight 
tuning of tank circuits around their resonant point. This is 
due to large changes in phase between the mixer LO and 
the mixer RF inputs. This parasitic coupling is best 
reduced by physical separation and proper coil 
orientation (minimising inductive coupling). The input 
section of RF amplifier (including R1) should have a 
grounded guard ring to minimises coupling with signals 
from the oscillator and frequency multiplier. To reduce 
coupling with the antenna, L6 and L7 should be kept 
antiparallel side-by-side so that the magnetic far-field is 
minimised (due to the individual fields being in opposite 
directions). 


d) The PCB tracks to the digital interface (pins 25, 26, 27 
and 28) and the IF output (pins 1 and 2) should be as 
short as possible. Long tracks (more than 5 cm) reduce 
sensitivity and may require RF decoupiing capacitors at 
the IC pins. 


e) To maintain a balanced RF signal at differential inputs 
and outputs, it should be ensured that the lead lengths 
are equal so that equal inductances (1 nH/mm) are 
added to the positive and the negative paths of the 
differential signal. For example, the track length from pin 
17 to L6 and pin 18 to L7, should be equal. C21 should 
connect midway on the track joining L6 and L7. Tracks 
from C12 should only join at the iC pins 17 and 18 to tune 
out the inductance. This ensures that the maximum 
signal level is available to the mixer LO-input path. If the 
reactance was not killed directly at the pins, but say at 
ine inductor terminals instead, then there would be a 
voltage drop across the inductance of the track which is 
between the pins and L6/L7. 


f) While on the one hand, the ground point of all circuits 
should be close together at the same reference level, on 
the other hand, the positive supply line carrying the 
battery voltage V., should be RF-isolated for each circuit, 
especially for the low noise RF amiifier. LC low pass 
iltering has been incorporated in the application circuit. 
The inductance L is due to the long track length of the V, 
supply in the board layout. The C is the 1nF decoupling 
capacitor at the various supply points in the layout (e.g at 
the common supply point of L2 and LS, and at pin 9). The 
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upper -3 dB cutoff frequency of the LC filter should be 
about 10 times smaller than the crystal frequency. If long 
tracks are not possible, then large series inductances 
may be used in the supply line. 


g) It was observed that the bypass capacitor C21 

reduced the receiver sensitivity when used in some board 
layouts, due to the bypassed RF current interacting with 
the front end. If this occurs, then it is better not to use 
C21 in the circuit. 


DESIGN OF CRYSTAL OSCILLATOR 


The UAA2080 is a direct conversion receiver, implying a 
zero IF. Thus the local oscillator frequency should be 
equal to the the received frequency. A crystal oscillator is 
employed for the generation of a stable and precise 
oscillation frequency. For received frequencies higher 
than the crystal oscillator frequency, a frequency 
multiplier has to be designed with a suitable multiplication 
factor. 


2.1 FREQUENCY MULTIPLICATION FACTOR AND 
CRYSTAL FREQUENCY 


There are various possibilities of combining crystal 
frequencies with multiplication factors, to produce the 
mixer’s LO injection frequency, which is also the pager 
receiver frequency. There are two stages of frequency 
multiplication: 1) oscillator output tank, tuned to m, times 
the oscillation frequency, f,, and 2) differential amplifier 
freqency multiplier, whose output tank is tuned to m, 
times its input drive frequency (which is m,f, ) 

Thus, the receiver frequency f 


ax IS given by 


Ty 7 m,m,f, 


For best receiver performance, the highest crystal 
frequency (f,) and the lowest multiplication factor (m,m,) 
should be chosen. The reason for this is to keep spurious 
rejection as large as possible. Strong spurious responses 
(called spurs, at frequency f,....,,.) occur due to spurious 
components in the mixer’s LO injection that come from 
the oscillator and the frequency multiplier. These 
frequencies are given by 
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F spurious =F rx + N-f, with N=1, 2,3, ... 

Due to various tuned circuits in the RF signal path and 
the frequency multiplication path, the spurious rejection, 
O.suriousr IS Proportional to the separation of the spurious 
frequency from the receiver frequency i.e. 


er ivious = Leer : Tc hig 


a NFAT x 
oc N/m,m, 


Strongest spurs occur at frequencies f.,-f, andf,..+f, 
(corresponding to N = 1). The spurs tend to weaken as N 
increases. In order to have large spurious rejection 
(larger i ae the product m,m, should be kept small. 
However m, should be kept smaller, in preference to 
keeping m, small. Smaller m, requires a smaller signal 
amplitude to drive the frequency multiplier, thus giving 
better spurious rejection. 


The maximum crystal frequency f,, at which the circuit in 
Fig. 2.0 oscillates, is given approximately by this rule of 
thumb: 


4000 


- (GAC VRE en 


Io 


with f,,in MHz, R, in ohms, C, and C ,, in pF 

R, is the motional resistance of the crystal, C, its static 
capacitance and C,, its nominal load capacitance. The 
factor 4000 in the numerator, is related to the common- 
emitter transconductance (g,) of transistor T2. The de 
currect, which determines the transconductance, is set by 
the external emitter bias resistor R.. 


The above formula is a simplification of the gain equation 
that is described later in detail (Section 2.2), and it serves 
only as a Starting point for the oscillator design. It 
assumes that the oscillator, as shown in Fig. 2.0, is 
biased by a 1.8 k external emitter resistor, and that the 
crystal is sufficiently pullable in order to tune it over the 
required range with 1/3 < C1/C, < 3. The transconduc- 
tance g, is taken as 3 millimhos, which is a third of that 
given in the Y - parameter curves, to provide sufficient 
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gain margin over the tuning range. The oscillator circuit 
will be described in more detail later. 


In general, third overtone crystals with C, <5 pF, C,, 
around 8 pF, and R, < 30 ohms, fit comfortably in the 
frequency bracket of 50 to 60 MHz, as dictated by (2.0). 
Based on this, the choice of the frequency multiplication 
scheme is given in Table 2.0. 


Table 2.0 Crystal Frequency and Multiplication Factors 





l 
Oscillator | Diff. Amp. | Total 























Receiver Crystal 
Tank mult- | multipli- multipli- Frequency Frequency | 
iplication | cation cation range, £RX range, fLO 
factor, ml | factor,m2 factor (MHz) {MHz ) 
1 1 1 < 60 < 60 
Z 1 2 60 - 120 30 - 60 
| 
| (1) (3) | 120 - 180 | 42 - 60 | 
| 3 1 3 20 - 180 42 - 60 
| 
(1) (5) (5) (180 - 300) 36 - 60 
2 3 € = 180 2 30 








Bracketed option gives worse spurious rejection 


Multiplication factor of m, = 3 or more is not 
recommended when m, > 1, because of large variation in 
the oscillator current amplitude at m, harmonic, over 
tuning range. Factor m, takes only odd values, and 
should normaily not be more than 5 (for reasonable mixer 
conversion gain). 


The above table is only a rough guideline. For still lower 
multiplication factors, frequencies higher than that 
mentioned above for the crystal, may be used, if a 
smaller R, or C, is available, or if a larger oscillator bias 
current is used. On the other hand, a higher multiplication 
factor, and thus a lower crystal frequency may be used if 
the R, is too large, or if a smaller bias current is desired. 
Of course this would increase the number of LO 
subharmonics and spurious responses, but may not 
degrade performance if the spurious responses are kept 
within PTT specifications, by using higher quality factor 
tank circuits in the RF amplifier stage. 
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TUNED LOAD 


INTERNAL CIRCUIT 























Z- MODEL 








CASCODE 3 


PORT 2 




















a 


Figure 2.1 Y and Z oscillator model 
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2.2 DESIGN OF THE CRYSTAL OSCILLATOR 


The UAA2080 crystal oscillator is built around a single 
transistor having a cascode output. As the collector is 
virtually grounded, the Colpitts or the Clapp-Gouriet 
oscillator configurations can be implemented. A typical 
application circuit for the Colpitts oscillator is shown in 
Fig. 2.0. Placing a tuning capacitor in series with the 
crystal would implement the Clapp-Gouriet oscillator. 


Oscillation Criterion 


The oscillator can be considered as an active two-port 
network (represented by its common-collector 
Y-parameters) connected to a feedback network 
(represented by is Z-parameters), as shown in Fig. 2.1. 
The condition for stable oscillation (unity loop gain and 
zero phase shift) implies that 


V11400 + Voss, + Viot10 + VoyZo, + dd, FLO; (2.1a) 
where, 

y, denotes a common-collector Y-parameter of the active 
network 

Zz, denotes a Z-parameter of the feedback network 

qd, = ViVo0 ~ Vo V2 (2.1b) 


d= Zy2o0 > 254240 (2.1¢ 


— 


Substituting the common-collector Y-parameters by the 
equivalent expression using common-emitter 
Y-parameters, and substituting the Z-parameters by the 
equivalent expressions using X,,X,,X, and R,, and after 
manipulating considerably, it can be shown that the 
oscillation criterion becomes 


gain: 
= R,-|(go+8,) X:X.— goX,X.+ b;b,X,X,R.+g,b,X,X,X, | 
f 
f+) xx we + (2 2, XR bX,X,X, 
B 8 B : 











phase (frequency): 


x14 88s [ex fl+er, =< 


e 


XIX et be R,(g,b;+ g,b,) ae x.}0;( = s. | + o,f 


(2.2b) 
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where 
Vie = Gy + Jb, 
Vie = 9, as jb, 


Y= 9, +j0 = 9/8, : 
(b, taken as 0, as C,., is included in X,) 
Yoo = G, + JO, 

(b | taken as 0, as C,, is included in X,) 


(3 = beta, ac current gain, about 70 minimum. 

X, includes C,, = b/w (base-emitter capacitance) 

X, includes C,, = b/w (collector-emitter capacitance) 
with w = angular frequency (2nf, f = frequency) 


The terms b, and b, are taken as zero and do not appear 
in equations (2.2a) and (2.2b). This is because the base- 
emitter and collector-emitter capacitances, C,. and C.., 
have been combined with X, and X, recpectively. 


The simulated common-emitter Y-parameters for practical 
emitter bias resistor values, are given in Fig. 2.2a to Fig. 
2.2d. These curves include the effect of the 19 k2 base 
bias resistor, 8 k2 internal emitter bias resistor, cascode 
transistor with 5 kQ tuned load at output, and, lead 
inductance (2nH) and lead capacitance (0.5pF). The 
input and output common-emitter Y-parameters have 
been resolved into parallel resistance and capacitance, 
as shown in Figures 2.2a and 2.2c. 


The curve for g, does not include the effect of the parallel 
resistance R,, of the mode selector inductor (which is 
shown as L in Fig.2.0). The value of g, read from the 
curve, must be increased by 1/R, Mhos. 


The effect of b, and b, are additional capacitances of 
about 1.2 pF and 1.1 pF which have to be added to C, 
and C, respectively. The effective value of C, is 
decreased by the mode selector inductor as given by 


C,=C, (component+ parasitics+ Cs) —~1/(Lw’) (2.3) 
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Figure 2.2a Y model parallel input resistance & capacitance 
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Figure 2.2b Y model forward transfer parameters 
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Figure 2.2c Y model output parallel resistance & capacitance 
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Figure 2.2d Y model reverse transmission parameters 
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At frequencies less than 80 MHz the gain and phase 
equations can be approximated as 














phase: X, + X, = X, (2.4a) 
gain: 
Re ar Bory = (g, ag b,b,R, oa g,b,X,) 
ye aes (2.4b) 
Br iso XK 
1+—+(22-g.)+R,+b,.X, -— 
BB Bx, 
or 
R, 4 80%, 
~%% for practical purposes (2.4c) 
0.95 - —+— 
FOX, 


Equivalent Crystal Circuit 


The crystal can be represented by its equivalent circuit as 
shown in Fig. 2.3a. At the loaded frequency (which is 
between its unloaded series resonant frequency and its 
unloaded parallel resonant frequency) the crystal is 
inductive and it is in resonance with an external load 
capacitor C,. In the oscillator, C, = C,, + (C, series C,). C 
is the parasitic board capacitance across the crystal. If C, 
is combined with the crystal, then the combination is still 
inductive, and can be represented by the circuit in Fig. 
2.3b, with 


RG +.) (2.5a) 
e€ (C; - C,)’ 
and 
xX, =L/[a(C, - 9) (2.5b) 


Furthermore, putting C,/C, =a, the gain equation (2.4c) 
becomes 


(Vati/Va) R,w'(C,+C,¥ +g, /a 


ap ee ek ee ee ee 26 
et 0.95 —(1+a)/70 eo) 


In practice the transconductance is kept 2 times that 
obtained from the above equation, over the entire tuning 


920131/ETT91003 


Pager Applications Handbook 


UAA2080T VHF/UHF paging receiver 


range, in order to ensure sufficient oscillation amplitude. 
This is achieved by appropriate biasing, as given later. 


78.325 Mhz CRYSTAL 


C1 
16 
jXxe 

ce Lt 
5p6 2n6 
P A Re 

Al 

16 


(a) (b) 
Figure 2.3 Crystal Equivalent Circuits 
Crystal Pullability and Capacitance Ratio 


Define the crystal pullability 


pation t 199 ppm = 


———!_—_ 10° ppm, (2.7) 
fe AC tC.) 
where f,, is the loaded antiresonance frequency of the 
crystal, with nominal load capacitance C,,,, and f_ is its 
unloaded series resonance frequency. 


LO’ 


If the crystal is to be pulled by P ppm from f,, to f,, the 
corresponding load capacitance C, that is required, is 
given by 


Gy P(1+C,/C,9) (2.8) 
Ce. P+F 


where, P is negative when f, <f,, 


If C, is used for tuning, then the capacitance ratio 
a=C/C, is given by 
a=(1+-x)/(1 - x), (2.9a) 


and 
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if C, is used for tuning, then a = (1 - x)/(1 + x). (2.9b) 
Here x = P(C ,+C,) (2.10) 


(P+F)(C,,-C.) 
It is assumed that a = 1 when P=O ppm. 


The crystal should be chosen with just a large enough 
pullability, F, so that at the limits of tuning range of 

-P ppm and +P ppm, a or 1/a (which ever is greater than 
unity) is within a maximum limit as dictated by the gain 
equation. If F is too large, then the crystal will be very 
easily pulled with small changes in C,, and this may 
cause undesirable drift in frequency. 


As a final remark, the gain is given by 


(Va+1/Va) R,w"[C, +C, +2(C,)-C,)/U+A)] +80/a 
oe 0.95—(1+a)/70 
(2.11) 


where A = a when C, is tuned, and A= 1/a when C, is 
tuned. The relation between the capacitance ratio 

a = C,/C, and the pulling by P ppm, for the two cases, is 
as given before. 


Phase and Frequency Stability 


For good phase and frequency stability, the effective loop 
gain must have a narrow peak at the oscillation 
frequency. 


effective loop gain = G.Cos(Phase), G = loop gain 
magnitude, Phase = loop phase shift 


Simulations show that when tuning with C,, the effective 
loop gain has a very broad peak at the upper limits of the 
tuning range, while when tuning with C,, the peak is 
broader at the lower frequencies, as shown in Figures 
2.4a and 2.4b. The variation in loop gain is smaller when 
tuning with C,. To pull to higher frequencies, C, tuning 
Capacitor must have much smaller values compared with 
C, tuning capacitor whose effective value is reduced by 
the inductance L. A practical rule of thumb in selecting 
crystals for good phase-frequency stability is 


[2nf,(C,+C,)R, | >4 (2.12) 
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Suppression of Lower Order Modes 


If the crystal is operated at other than the fundamental 
tone, then the lower order modes must be suppressed to 
prevent oscillation at those frequencies. This is achieved 
by the inductor L which is parallel resonant with C, 
capacitor, at a frequency which is below the oscillation 
frequency, but above the next lower crystal response. 
Since the L-C, tank is inductive at frequencies below its 
parallel resonant frequency, the oscillation criterion will 
not be met for those frequencies. 


C,=C,..,7 AC,, with 
C,.ct = C.(component+parasitics+C.) (2.13a) 
AC, = 1/Lw* and w=2nf,, f, 

= oscillation frequency (2.13b) 


L is chosen so that C, has the desired positive value at 
the oscillation frequency, and is negative (inductive) at 
the next lower crystal overtone or spurious response (in 
case the spurious response is not sufficiently suppressed 
by the crystal manufacturer). By suppression of the 
spurious response it is meant that the R, of the crystal at 
that spurious frequency, should be large enough in order 
for the gain criterion to be unfulfilled by at least a margin 
of 6 cB. 


If the crystal is operated at the 3rd overtone, then AC, 
(at fundamental tone) = 9 AC, (at 3rd overtone) = 9/Lw* 


In case C, is used for tuning, then, 


Cra <9/Lo’ or C, <8/Lw’ (2.14) 

Some useful formulas are 

I = 1//2nV(LC,,..)| (2.1 5a) 

the mode selector tank resonance frequency 

Cory = C, [1 -(f-/f,) | =[1+ 0°LC, |/[Lo”] (2.15b) 

L=|I-(f;/f,) |(ofC,,o, = 2mf, (2.15¢) 

C.,.¢ = actual component + parasitic + C,, capacitance 
(2.15d) 
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Figure 2.4a Loop voltage 
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C2 = 23.4p (23. 4pf parallel 560nh = L6pf) 





(LIN) 
~ yl-axis - 2.0 i cu ee ee 
EFF_GAIN 5 oo fat “4 ~ 
1.2 
~ Subvar ~ 
C1: 1.0p 17 
2 16 
Cil: 2.0 
4 %p 15 
Cit: 3.0p 1.4 
4 
Cli: 4.0p 1.3 
3 12 
Cli: 6.0p 
6 1.1 a 
Cli: 8.0p 1.0 : a 
7 a 
C11: 10.0p 900.0m ate NA INN e: “he 
8 800.0m Pg er 
Cil: 12.0p i Sate 
$ oon Hh su a! 
CH: 160 pares rt | : = rf 
1 . 
500.0m = ft Pee | an cei 
ee 78.323M | 78.324M | 78.325M ° 78.326M  78.327M = 78.328M = 78.329M_ = 78.33 
C11: 40.0 78.323M 78.324M 78.325M (78.326M (78.327M 78.328M 78.329M 
12 (LIN) FREQ 
C11: 60.0p 


gain when C, is tuned 





- yl-axis - 10 
EFF_GAIN 19 
18 
~ Subvar - 
C21: 4.0p M7 
2 1.6 
C2i: 6. 
3 15 
Cat: 8.0p 1.4 
4 | 
C21: 10.0p 1.3 
2 12 
C21: 12.0p 
6 il 
C21: 16.0p 1.0 
7 
C21: 20.0p 900.0rm 
ee 800.0m 
C21: 30.0p 
9 700.0m Za 
C2: 40.0p 600.0m py 
10 
C21: $0.0p $00.0m | a ao | | 
11 78.323M 78. 324M NS a 78. = 78. 327M 78.328M 78.329M 78.33M 
C21: 60.0p 78.323M 78,.324M 78.325M 78.326M 78.327M 78.328M 78.329M 
a (LIN) FREQ 


Figure 2.4b Loop voltage gain when C, it tuned 
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If the crystal is operated at the fundamental frequency, 
then L could be a large inductance used as a choke. The 
tuning range of C, is not restricted by the choice of L. 


Frequency Sensitivity with Temperature 


With C, definedas C,+C,C,/(C,+C,), (2.16a) 
dc, dC, dC, [CG] dC, [Gul ak —([AC,C,] 
Ch Oy Ey KC eG Cy Cea Cy Le CC C3) 

(2.16b) 


Replacing the fractional change in C,, C,, C, and L by 
their respective temperature coefficients, the temperature 
coefficient of C, can be directly determined from the 
above equation. The frequency of oscillation solely 
depends on the crystal, so the frequency drift due to 
temperature, caused by components (other than the 
crystal itself) is given as 


oe AG 
2(C, +C,) 
i.e. the pulling sensitivity of the crystal. 


S.dC,, where S=— (2.16c) 


This frequency drift coefficient due to componenis has to 
be added to the temperature coefficient of the crystal 
itself, to obtain the overall temperature coefficient for the 
oscillator frequency. However, in practice, the frequency 
drift due to the components is much smaller than the drift 
due to a crystal that usually has about +/- 5 ppm 
frequency drift in the operating temperature range. 


Crystal Tolerance, Aging and Frequency Drift 


The tuning range of the oscillator should be large enough 
to compensate for the calibration tolerance of the crystal, 
plus its aging tolerance taken over the life of the paging 
receiver. Thus 


P =-(N + nt) where (2.16d) 
P =the tuning range of the oscillator in ppm. 

N = calibration tolerance of the crystal in ppm. 

nN = aging coefficient of the crystal in ppm/year. 

t = life of the pager in years. 
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Only the maximum magnitude of n, and not its sign 
(positive or negative), is guaranteed by the crystal 
manufacturer, so the tuning range P should compensate 
for both positive as well as negative values of n. 


For example, N = -10 ppm to +10 ppm, n=0 to +1 ppm 
per year, t= 5 years. Then, P = -(-10 ppm to +10 + 1x5 
ppm) i.e. -15 ppm to +15 ppm. 


Metallic enclosures a give a larger aging coefficient 
compared with glass enclosures. It should be noted that 
the crystal’s and the oscillators temperature coefficient of 
frequency does not influence the oscillator tuning range. 


Crystal Tolerance and Aging (-P, to +P, ppm) 


aR Kg aaa 
_ — |_$§ 7 ees) 
FP Lie ee 


Oscillator Tuning Range (-P, to +P, ppm) 


The drift in receiver frequency, f,,, in ppm, is the same 
as the drift in the crystal frequency when measured in 
ppm. The total difference in ppm, Af(ppm), between the 
transmitter and receiver frequency, is given by 


Af (PPM) = f ocece,(PPM) + S,.ATemp + n.At, where (2.16e) 


f oerser(PPM) is the frequency offset of the transmitter in 
ppm, from the nominal frequency at which the receiver is 
tuned. 

S, is the total temperature coefficient of the oscillator 
frequency (due to crystal and components) in ppm/°K. 
ATemp is the change in temperature from room 
temperature, at which the crystal (i.e. oscillator) was 
tuned. 

n is the aging in ppm/year. 

At is the time (in years) elapsed since the paging receiver 
was last tuned. 


As Af (ppm) increases, the sensitivity of the receiver 
decreases. When Af (Hz) = Af(ppm).f,,., is more than the 
deviation in the modulation frequency (e.g. 4 kHz), then 
the demodulator inside the UAA2080 will not be able to 
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decode the received data at all. At UHF the demand for a 
small S, and 'n' is rather severe, while at lower 
frequencies it is more relaxed. For UHF applications, the 
crystal should be pre-aged, and should have a very small 
temperature coefficient coefficient (< 5 ppm over the 
operating temperature range). 


2.3 LARGE SIGNAL ANALYSIS 


A large signal analysis of the oscillator is required in 
order to determine the biasing, and to determine the 
signal current at the fundamental frequency or its 
harmonics. Denote 


Ve = base-emitter de voltage under large signal condition 
Ve = base-emitter large signal amplitude at oscillation 
frequency w 

Vie = base-emitter instantaneous voltage 

|, = Instantaneous collector current 


Then, V,, = Vac + Vge-Cos(wt) and i, = |,.exp(v,/V,) where 
|, is the reverse saturation current, and V_, = 0.026 V at 
room temperature. 

This gives, i, = |,,,exP(V,.-Cos(at)/V,), where |, (the 
quiescent collector current) = |,.exp(V,,,/V_) 


dco 


lico Ss the quiescent collector current, and is equal to the 
value of i, at periodic intervals when Cos(at) is Zero i.e. 
when the instantaneous value of v,, is V,_. As oscillation 
builds up i.e. as v,. increases, the dc component of the 
collector current increases, thereby increasing the 
voltage drop across the emitter resistor and also 
decreasing the base-emitter dc voltage V,,. by the same 
amount. Therefore, the quiescent collector current which 
is exponentially related to V,., also decreases as 
oscillation builds up. It should be noted that even though 
the quiescent current decreases with increasing v,,, the 
de collector current (average of i,) increases. 


BE’ 


Taking the Fourier series representation of i,, the large 
signal components are 


de current: i leche.) 
Fundamental: lay = Slgcoel (Vge/V-)-Cos(wt) 
n harmonic: lan = Slaco'l (Vae/V 7)-Cos(nwt) 


| (x) is the modified hyperbolic Bessel function of order n. 
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Define 
Large signal transconductance, g_ = |.,/Vge 


Fictitious small signal transconductance, g_. = |,/V, 
Fig. 2.5 shows variation of |,, (normalised to |.) with the 
signal amplitude. 

In Fig. 2.6 the various collector current components have 


been normalised to |, (and not to |,.). Fig. 2.6 also 
shows variation in g_/g_, with signal amplitude. 


dco 


104 Cae CT Ren ciph ude ahve watna etna OTL, a uane EGRET D ne T EAE Bice hci totale, iba deog ery hedens taceeston shinai se oot seek sear an iibiaa er ted Moen ae cei an nne ag lament 
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10(Vbe/Vt) 


10! ? 
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Figure 2.5 | /| 


de dco 


versus V,,_/V_ 
Basic Design Consideration 


For large v,, signal levels, the fundamental component of 
the collector current approaches 21,.. This is true for the 
higher harmonics too. In fact, whenever v,. > 3.5 V_, or 
g/d. < 0.5, it can be seen from Fig. 2.6 that |,, > 1.8 |. 
Hence, if g_/g_,, < 0.5 over the tuning range, a stable 
amplitude of about 21,, can be maintained for the 
fundamental component of the collector current. This 
should essentially be the design goal for the Colpitts 
oscillator, and it can be achieved by an appropriate 
emitter bias resistor. 

As long as the condition g_/g_. < 0.5 is met, the base- 
emitter signal amplitude can be approximated as 


Vae = 2V,/(g,,/9,,.) and can be read from the graph in 
Fig. 2.6. 
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Biasing 


In order to correctly bias the transistor, the de current is 
set so that g_. = 2.[maximum g,], with g, considered over 
the tuning range, and given by the gain equation (2.11). 
With this g_, the de current is given as |, = V,g_.. AS 


oscillations build up, the large signal transconductance g__ 


becomes smaller, and finally becomes equal to g, during 
steady state oscillation. This ensures that g /g_, < 0.5 
over the tuning range. For g_/g_, = 0.5, v,. = 3.5V, and 
In[I,(Va-/V;)] = 2 from Figures 2.6 and 2.7. Reverse 
saturation current, |,, 
base bias resistor R, = 19k2, current gain 

(3 = 70 (taken as minimum), V., = 0.026 V (at room 


temperature), and the bias voltage V,, = 1.22 V. 


The effective emitter bias resistor, R.,,, is the parallel 
combination of the internal 8.2 kQ resistor and the 
external resistor R-. It is determined by substituting the 
above values into the equation 


yr T2nd/ide 


10° 


Figure 2.6 Harmonics and g /g_ versus v,,./V_ 
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for the transistor is 2.7973 10° mA, 
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_VatVr In[Io(Vge/Vr)|— Vr ln(1y./1,) Ry (2.172) 
eff ie 1+8 
Finally, the value of the external bias resistor is 
R,,(kQ) = ae (2.17b) 
(R, — 8.2) 
Figure 2.9 shows a plot of R, versus |, with signal 


amplitude v,,. taken as 3V.. 


An easier approach is to have the biasing so that the 
actual small signal dc bias current is equal to the 
computed value of |. This will ensure a slightly greater 
gain margin because the large signal dc current is always 
marginally larger than that of the small signal. 

The simulated small signal dc current versus external 
bias resistor R. is given in Fig. 2.8. 


Ln I0(Vbe/V1) 





10! 


19° 


4 
10-3 


Figure 2.7 In{I,(v,-/V,)] versus v,./V, 
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(LOG) SMALL SIGNAL BIASING 
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Figure 2.8 R. and g, versus small signal de current 
(LOG) LARGE SIGNAL BIASING 
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Figure 2.9 R. versus large signal de current 
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Crystal Power 


The power dissipated by the crystal is 


y 


P, = 0.5/0C,Va_] Rf1+C,/C,] (2.18) 


watts,with v,. =2V./(g_/g__), 

c zs i m “mo : 
and w the anular frequency i.e. 2nf 
Maximum dissipation occurs when C, = C,, 
corresponding to the largest gain margin (g_, minimal). 


2.4 THE CLAPP-GOURIET OSCILLATOR 


lt is identical to the Colpitis crystal oscillator circuit, 
except that it has the tuning capacitor C, in series with 
tne crystal. However the gain margin progressively 
decreases as the crystal is pulled from lower to higher 
frequencies, and so it does not compare weil with the 
Colpitis crystal oscillator which has maximum gain near 
the centre of the tuning range. The Clapp-Gouriet 
oscillator will have a constant gain with tuning, if an 
inductor is used instead of a crystal. This assumes that 
the series resistance of the inductor remains constant 
with tuning. 


Denoie C, as the load capacitance when the crystal is 
pulled to the lower frequency limit. For maximum gain 
margin, C, and C, are chosen equal (a = 1), with 
C_=C,CAHC+C,) ie. C,=C,=2C_ 


Also C, = C, series 2C,C/(C,+C,) = C, series 2C,_ so the 
gain equation is 








ROC ae Coy ae... Cec 
g, = SUE N02 el 27) 0 avis OF eeeeres (2.18) 


The Clapp-Gouriet oscillator is ideal for the design of 
voltage controlled oscillator (VCO) in frequency 
synthesizer application. 
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2.5 EXAMPLES 
1) DESIGN OF A 78.325 MHz COLPITTS OSCILLATOR 


The crystal should be selected in order to meet the 
following criteria: 


a) Small bias current for the oscillator, 

b) Adequate tuning range, over which oscillation 
amplitude is not severly reduced. 

c) Sufficient phase-frequency stability margin 

d) Calibration tolerance and aging considering the life 
time of the paging receiver. 

e) Smail temperature coefficient of frequency, to keep 
frequency drift within specified limits in the operating 
temperature range. 


A third overtone 78.325 MHz crystal measured as follows 
on a network analyser. 


R, = 16 ohms 
C, = 1.58 fF 
C, = 5.61 pF 
Le. = 2-6 mr 


1 


C= 8.2 pF at 78.325000 MHz 
The puilability F, using (2.7) is 57 ppm. 


The board parasitic capacitance C : measured across the 
crystal was 1.5 pF. 


The variation of g, with pulling P is shown in Fig. 2.10a, 
for 40, 50 and 60 ppm crystal pulling sensitivity F. Itis a 
plot of (2.11), with 'a’ as a function of 'x' given by (2.9a) 
and (2.9b). ‘x’ itself is a function of P, as given by (2.10). 
The two different set of curves correspond to whether C, 
or C, is being tuned. 


lf the smail signal transconductance is 9 mMhos, then for 
9, Imo « 8-5, the tuning range can be extended up to 

9/2 = 4.5 milimhos. From Fig 2.10a, the range of 

P is -17.5 to +7.5 ppm if C, is tuned, or -7 to >20 ppm if 
C, is tuned. It is worthwile considering specifying the 
crystal with a combined aging and calibration tolerance of 
say -5 ppm to +15 ppm instead of the usual 

-10 to +10 ppm, when tuning with C,, or specifying 

-15 to +5 ppm when tuning with C.. 
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The variation of capacitance ratio a = C,/C, with P, is 
given in Fig. 2.10b, which also shows the variation of 1/a 
with P. The fixed capacitor C, or C, is taken as 

2C,,, = approximately 16 pF. 


If it is desired to tune over -15 to +15 ppm, then, at 
P =-15 ppm, 1/a is 5.5 for an F of 60 ppm. The net tuned 
capacitance then has a value 5.5 x 16 = 88 pF 


Similarly, at P = +15 ppm, 1/a = 2.5, so the net tuned 
Capacitance has a value 6/2.5 = 6.4 pF. 


Giving a 3 pF margin for parasitic capacitance (board and 
transistor capacitance), the tuning range for either 
capacitance becomes 3.4 pF to 85 pF. A value of AC, 
(2.13a) should be added to the actual range for C, 
capacitance if it tuned. 


If a practical value of up to 50 pF is used for the tuning 
capacitance, then the lowest value of the pulling range 
(corresponding to 1/a = 50/16 = 3.13) is -13 ppm, from 
Fig. 2.10b. Taking this range for the tuning capacitance, 
the next step is as follows. 


lf C, is tuned, then from (2.14), 50 pF must be less than 
8/Lw*. This implies L < 660 nH. The tank resonance 
frequency f, (2.15a) should be nearer to oscillation 
frequency f, for larger supression margin of the fund- 
amental tone. However, this makes AC, larger, with an 
attendant increase in C,_., as given by (2.13a). By trial, 
L = 560 nH gives AC, = 7.4 pF using (2.13b) and 

f, (minimum) = 30 MHz. So the maximum value of 

Ct = 00 + 7.4 = 57.4 pF, while the component value is 
lesser by about 3 pF due to parasitics. 


With C, tuned, the upper range for P is only 7.5 ppm. 
With a slightly reduced gain margin, P can be extended 
to about +10 ppm, at which a = 2, and C, = 16/2 = 8 pF, 
Le. C,,=8+ 7.4 = 15.4 pF 

If C, is tuned, then its range should be ideally 3.4 to 

85 pF for a +/- 15 ppm tuning range. Considering the gain 
requirement from Fig. 2.10a, P can go low down to 

-7 ppm, at which 1/a = 1.7 i.e 

C, (maximum) = 1.7x16 = 27.2 pF. So the range of C, 
component value is 6.4 - 3 to 27.2 -3 

I.e. 3.4 pF to 24.2 pF. 
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Equation (2.12) gives a value greater than 4 over the 
tuning range, thus ensuring good phase-frequency 
stability. 


In Fig 2.2b, it is given that the common-emitter small 
signal transconductance is 9 mMhos when the external 
bias resistor is 1.8 k. Figure 2.9 shows a plot of external 
bias resistor versus actual large signal dc current and 
transconductance. It is a plot of equations (2.17a ) and 
(2.17b), with v,. taken as 3.5 V_. For the 1.8 k external 
emitter bias resistor, the large-signal dc current is about 
280 uA in the graph, closely agreeing with measured 
results. 


The crystal power dissipation over the tuning range is a 
function of both v,,. and C,, as given in (2.18). Moreover, 
it can also vary with C, if that is tuned. As a safe 
approximation, the maximum dissipation can be taken at 
the largest gain margin. From Fig. 2.10a, minimum 
transconductance (C, tuned) is about 2.7 mMhos, so 
9./Gmo = 2:7/9 = 0.3, and from Fig. 2.6, the corresponding 
Vee = SV_ i.e. 156 mV. The pulling is about -7 ppm, 
corresponding to C, = 10.1 pF from (2.8). With 

C, = 16 pF, the power dissipation P,, = 29 microwatts, 
which is well within the normal 100 microwatts crystal 
specification. 


To determine the temperature coefficient of frequency, 
first the coefficients for C,, C,, C, and L must be known. 


From simulations, for a frequency range 30 to 100 MHz, 

and external bias resistor range 1.8 k to 5 k, the worst 

case values are 

Wve po =-—500ppm/°K and S21°K = +100ppm/°K 
be ce 


C,, = 1.2 pF andC,,= 1.1 pF 


These have to be combined with the coefficients of C, 
and C, components, which are + 30 ppm/°K and 

700 + 300 ppm/*K respectively. If their individual values 
are 16 pF and 23 pF respectively (at P = 0 ppm), then 


dC, _ 1.2x(-500)+16(+/—30) _ 


—63 to-1 pom/’K 
Cj 12 = 16 oe 


dC, _ 1.1x100 + 23x(700 + /— 300) 


= +386 to +959 pom/°K 
C; Lee 23 
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Also dL /°K is given as +25 to +125 ppm/°K 

Li 
The value of dC./C, depends on the printed circuit board, 
and is not considered here. 


Substituting the values in (2.16b), with AC, = 7 a 
C,=C, = 16 pF, andC,, , = 23 pF, 


dC, = (-63 to -1) x 0.59 + (386 to 959) x 0.85 - (25 to 125) 
C, x 0.22 = 809 ppm/*K maximum 
Therefore 


dC, = (809 x 10°) x (8.2 pF)/°K = 6.63 x 10° pF/°*K 

S is computed from (2.16c) as 

4.14 x 10°/Farad i.e. 4.14 ppm/pF 

The temperature coefficient of frequency from (2.16c) is 


af °K = S.dC, = 4.14 x (6.63 x 10°) = 0.027 ppm/K. 


+ yl-axis - 
GF_C2 
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For a 30 °C change, this amounts to 0.81 ppm frequency 
change, and is small compared to say + 5 ppm (over 

-20 °C to +70 °C) temperature coefficient of the crystal 
itself. 


The impedance of the bypass capacitor Cy should be 
much smaller than the external bias resistor that is in 
parallel. Otherwise the effective value of g, (common- 
emitter output conductance) will increase due to a 
decrease in the effective Q of L in series with C,, (thus 
decreasing the equivalent parallel resistance R,)- A1 nF 
capacitance has a 2 ohm impedance at 78 MHz, and is a 
good AC short. 


TUNING RANGE FOR 78.325 Mhz CRYSTAL 


ge LO 


Subvar 


— ive ee eae ee a ae 
| roe ot 


RID: 16.0 
COD: 5.6p 
CLOD: 8.2p 
CPD: 1.5p 


VF: 50.0 
R1D: 16.0 
COD: 5.6p 
CLOD: 8.2p 
CPD: 1.5p 


VF: 60.0 
RID: 16.0 
COD: 5.6p 
CLOD: 8.2p 
CPD: 1.5p 


-15.0 


Figure 2.10a Tuning range at 78 MHz 
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(LIN) CAPACITANCE RATIO OVER TUNING RANGE FOR 78.325 Mhz CRYSTAL 





- yl-axis - 10.0 , 
A aim 
AINV 5.0 ’ | 
8.0 
Subvar - 
VF: 40.0 7.0 
RID: 16.0 
COD: 5.6p 6.0 
CLOD: 8.2p 
CPD: 1.5p 5.0 
2 
VF: 56.0 4.0 
RID: 16.0 
. COD: 5.6p 3.0 
CLOD: 8.2p 
CPD: 1.5p 20 
3 
VF: 60.0 1.6 
RID: 16.0 
CLOD: 8.2p 
CPD: 1.5p 1.0 
-20.0 -10.0 
-15.0 


Figure 2.10b Capacitance ratio at 78 MHz 


78.325 MHz Crystal Specifications 


(All parameters to be measured with metallic holder and 
one lead grounded) 


Application: 469.950 MHz (2 x 3 x 78.325 MHz) 
Loaded Parailel Resonant Frequency, f : 78.325 MHz 


Load Capacitance, C,:8 pF 
Tolerance on C,: +.0.5'0F 


Tolerance of f : 


Calibration: +5 ppm at 25 °C 
Total (temperature + aging, see Notes): 


+ 4.2 ppm over -10 °C to +55 °C 

(@ 20 kHz TX channel width, + 4 kHz deviation) 
+ 5.3 ppm over -10 °C to +55 °C 

(@ 25 kHz TX channel width, + 4.5 kHz deviation) 


Overtone: third 
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Motional Resistance, R,: less than 20 Q 


Static Capacitance, C,: less than 6 pF 
Pullability, F: 


Definition: F=(f, - f/f, =C,2(C, + C,)] 
in [ppm] 


where f, = unloaded series resonance frequency 
C, = motional capacitance 


Requirement: 55 ppm < F < 70 ppm when C, = 8 pF 


Holder: HC-52-SMD, with ground clamp or connection 
for metallic holder 


Spurious rejection: 
R./R, 2 2 from f /2.5 to 2f, 


where R, is the dynamic resistance at the spurious 
frequency 
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Notes: 

- The total frequency tolerance is based on a 3 dB loss of 
sensitivity of the UAA2080 due to frequency offset 
between transmitter and receiver. 

- Aging requirements depend on the interval between 
service adjustments of the paging receiver. System aging 
is mainly determined by aging of the crystal, the tuning 
capacitor and the stray capacitance of the printed circuit 
board. 


2) DESIGN OF A 48.039 MHz and 57.647 MHz 
COLPITTS OSCILLATOR 


A third overtone 57.647 MHz crystal was used that gave 
similar gain margin and capacitance ratio over the tuning 
range, when compared with the 78 MHz crystal. The 
entire procedure was repeated as in the previous design. 
The results are shown in Figures 2.11a and 2.11b, fora 
crystal that measured the following on a network 
analyser. 


R, =23 0 

C, = 1.15 fF 
C, = 4.33 pF 
L, =6.6 mH 


C= 9.0 pF at 57.647 MHz 


The previous circuit of the 78 MHz oscillator thus works 
equally well with the 57 MHz crystal, except that now the 
restriction on the upper limit of C, tuning capacitor due to 
the mode selector inductor, is less severe (126 pF 
instead of 88 pF). 


The following specifications for 48.039 MHz and 
57.647 MHz are suitable for the UAA2080 oscillator. 


48.039 MHz and 57.647 MHz Crystal Specifications 


(All parameters to be measured with metallic holder and 
one lead grounded) 


Applications: a) 172.941 MHz (8 x 57.647 MHz) 
b) 288.234 MHz (2 x 3 x 48.039 MHz) 
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Loaded Parallel Resonant Frequency, f,: 
a) 57.647 MHz_ b) 48.039 MHz 


Load Capacitance, C,: 8 pF 
Tolerance on C;: + 0.5 pF 


Tolerance of f,: 


Calibration: +/- 5 ppm at 25°C 
Total (temperature + aging, see Notes on previous page): 


a. + 11.5 ppm over -10 °C to +55 °C (@ 20 kHz 
channel width, + 4 kHz deviation) 
+ 14.4 ppm over -10 °C to +55 °C (@ 25 kHz 
channel width, + 4.5 kHz deviation) 

b. + 6.9 ppm over -10 °C to +55 °C (@ 20 kHz 
channel width, + 4 kHz deviation) 
+ 8.7 ppm over -10 °C to +55 °C (@ 25 kHz 
channel width, + 4.5 kHz deviation) 

Overtone: third 

Motional Resistance, R,: less than 30 Q 

Static Capacitance, C,: less than 5 pF 

Pullability, F: 

Definition: F = (f, - f,)/f, = C,/2(C, + C,)] in [ppm] 


where f, = unloaded series resonance frequency 
C, = motional capacitance 


Requirement: 50 ppm < F < 70 ppm when C, = 8 pF 


Holder: HC-52-SMD, with ground clamp/connection for 
metallic holder 


Spurious rejection: 
RJR, 2 2 from f /2.5 to 2f, 


where R, is the dynamic resistance at the spurious 
frequency 
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2.6 GENERAL GUIDELINES 


The previous two oscillator designs assumed the 
availability of crystals with the measured equivalent 
circuit, based on which the gain and capacitance ratio 
versus pulling, were plotted using a computer. However, 
to specify a crystal for a required frequency, we must 
work the other way round. First an assumption is made 
for the transconductance. 9 millimhos could be used as a 
starting point (oscillator biased by a 1.8 KQ external 
resistor). Next, equation (2.0) could be used to determine 
realistic values of C,, C,,, and R, of the crystal. Finally, 
the dynamic capacitance C, has to be determined. It 
could either be explicitely specified, or equivalently, a 
range for the pullability F could be given. For either case, 
equation (2.11) must be plotted to show the variation of 
transconductance versus P, the tuning of the crystal in 
ppm, for various values of F. The range of F that gives 
the best result, should then be specified. Note that in 
equation (2.11), P is not directly used. Instead, the 
variable ‘a' changes with 'x' as given in equation (2.9), 


(LIN) 
- yl-axis - 11.0m 

GF.CL_ 

GF_C2 10.0m 
- Subvar - zim 
VF: 30.0 
R1D: 25.0 8.0m 
COD: 4.3p 
CLOD: 9.0p 7.0m 
CPD: 1.5 

2 6.0m 

VF: 40.0 
R1D: 25.0 
COD: 4.3p ss 
CLOD: 9.0p 
CPD: 1.5p 4.0m 

3 

VF: 50.0 3.0m 
RID: 25.0 
COD: 4.3p 2.0m 
CLOD: 9.0p 
CPD: 1.5p 1.0m 


-15.0 


Figure 2.11a Tuning range at 57 MHz 
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while 'x' changes with P as in equation (2.10). F could be 
translated into C, using equation (2.7). 


When a large tuning (more than +/- 10 ppm) range is 
required, then either C, may be tuned using a 13-50 pF 
tuning capacitor, or C, may be tuned using a 3-40 pF 
tuning capacitor, for an 8 pF nominal load capacitance. 
With C, tuned, it is more difficult to adjust the frequency 
precisely, since a small change in turning angle has a 
greater effect on the frequency. For the same reason, the 
temperature effect of C, is also larger. For tuning range 
less than +/- 10 ppm, it is advisable to tune C, which 
allows easier tuning with smaller temperature effect. 


In general, C,, R, and the parasitic C, should be small. 
The load capacitance C, should be as large as possible 
in order to minimise the effect of board and transistor 
capacitances. The pullability defined by F, should be just 
large enough to allow the required tuning range with 
practical ratios of C,/C,,. 


TUNING RANGE FOR 57.647 Mhz CRYSTAL 





IV - 108 


Philips Semiconductors Pager Applications Handbook 


Pager receivers UAA2080T VHF/UHF paging receiver 





CAPACITANCE RATIO OVER TUNING RANGE FOR 57.647 Mhz CRYSTAL 


- yl-axis - 10.0 

A 

AINV 9.0 
8.0 

~ Subvar - 

VF: 30.0 7.0 

R1D: 25.0 

COD: 4.3p 6.0 

CLOD: 9.0p 

CPD: 1.Sp 5.0 

2 

VF: 40.0 40 

RID: 25.0 

COD: 4.3p 3.0 

CLOD: 9.0p 

CPD: 1.5p 20 

3 

VF: 50.0 1.0 

RID: 25.0 

COD: 4.3p 0.0 

CLOD; 9.0p 

CPD: 1.5p -1.0 





Figure 2.11b Capacitance ratio at 57 MHz. 
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FREQUENCY MULTIPLIER 


The Frequency Multiplier circuit in the DAA2080 consists 
of a) Differential Amplifier Frequency Multiplier, and b) 
Cascode Output Tank Circuit of the oscillator. Since the 
diff. amp. frequency multiplier influences component 
values of the cascode output tank circuit,.it should be 
designed first. At this stage, the frequency multiplication 
factors m, and m,, and the oscillator DC current |,, should 
be known (see previous chapter). 


3.1 DESIGN OF DIFFERENTIAL AMPLIFIER 
FREQUENCY MULTIPLIER 


The oscillator output tank provides an unbalanced large 
signal drive to the differential amplifier, as shown in 






Lcas Ctuns_cae 


OSCILLATOR 
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Fig. 3.0, where the base of transistor T1 is connected to 
the oscillator output through the 8.2 pF coupling 
capacitor. The differential amplifier transistors T1 and T2 
are internally connected with the 1.22 Volts band-gap 
reference, through the two 9.6 k base resistors. The bias 
current is determined by the external tail resistor R.. The 
base of T2 is at AC ground, due to the 20 pF bypass 
capacitor. The differential amplifier switches its tail 
current between the two collector outputs, at the 
frequency of the drive signal. Thus, the two collector 
currents are ideally square waves, with a relative phase 
of 180°. The parallel resonant tank circuit across the two 
collectors of the diff. amp., is tuned to the fundamental, or 
the 3rd, or the 5th harmonic component of the square 
wave collector current. The differential amplifier thus 
provides a frequency multiplication factor m, of 1, 3 or 5. 


Vec 


20.Up 


RB Reese 


| 


I (small signal) 


Circuit inside the dashed erea is internal to the URAZO8OT 


Figure 3.0 Frequency Multiplier 
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Biasing 


The differential signal voltage of amplitude V_, across the 
collectors of T1 and T2, switches the upper sections of 


the | and the Q channel double balanced mixers. The diff. 


amp. circuit should be designed to provide a differential 
amplitude V_ greater than 150 mV, to fully switch the 
mixer’s upper stage. Later, during receiver tuning, this 
initial large amplitude is reduced to 80-100 mV, in order 
to improve spurious rejection. This is described later. The 
tail current of the diff. amp., the quality factor of the tank, 
and the value of m, determine the mixer injection voltage 
V 


m’ 


With reference to Fig. 3.0, the tail resistor R. is given as 


V,~Vz-In{I/21,)_R 


R= ; 2B (3.0) 
(Dc) 
2.0m 


aA os 
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| is the small signal DC tail current 
(3 is the current gain, taken as minimum 70 


l, = 2.7973 x 10°™* mA, the reverse saturation current 


R, =9.6k 
V, =1.22v 
V, = 0.026 mV 


Figure 3.1 shows simulated values of R. versus I. It must 
be noted that the DC current | is under small signal 
conditions, and is useful in determining the harmonic 
components of the collector output current. An R. of 

1.2 kQ or more is sufficient for frequencies less than 

500 MHz. 


BIASING OF FREQ. MULT. DIFF. AMP. 


100.0u 


30.0u 


Figure 3.1 R. versus small signal de tail current 
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Input Drive Level 


If the balanced drive to an ideal differential amplifier is 
V,,cos(at), as shown in Fig. 3.2, then the differential 
signal current that flows between the collectors is 
|.tanh[V,,cos(wt)/2V_]. This collector signal current can be 
represented by its Fourier series as |,cos(at) + |,cos(3ot) 
+ I,cos(Swt) +.... (odd harmonics). As the drive V,, 
increases, the amplitudes of the harmonics reach their 
asymptotic values as given below. 


|, =|.4/n for fundamental collector current (3.1a) 


|, = 4/(3x) for the 3rd harmonic collector current (3.1b) 


I, = 1.4/(5z) for the Sth harmonic collector current (3.1c) 
(Note: the actual values of |, and I, are respectively about 
85% and 75% of that given above, for reasons as given 
further below) 


These asymptotic amplitude values correspond to the 
frequency components of an ideal square wave collector 
current with amplitude |. The variation of the odd 
harmonic current amplitudes with the drive V., is plotted 
in Fig. 3.3. The amplitudes have been normalised to the 
maximum value of the fundamental component i.e. 4 I/rn. 
To obtain more than 90% of the asymptotic value, the 
drive level V,, must be greater than 150, 350, and 500 mV 
for |,, |,, and |, respectively, for the case of an ideal 
differential amplifier at low frequencies. 


Vd.cas (wt) 





[signal = |.tandh[Vd.cos[wt]/2 Vt] 


Figure 3.2 Ideal Differential Amplifier 
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The differential amplifier frequency multiplier of the 
UAA2080 as shown in Fig. 3.0, is non-ideal because the 
curent source in the tail has been replaced by a bias 
resistor R.. The effect is that the transistor T1 follows the 
drive signal for the positive half cycle, so it’s collector 
current instead of limiting at |, increases proportionally 
with the instantaneous drive level, thus producing an 
unbalanced (not present in T2 collector) half-wave 
rectified sinusoidal current. As a result, there is an 
increase in |,, a decrease in |, and I,, an increase in the 
DC current, and an additional presence of even harmonic 
components in the differential collector current. 


As a rule of thumb, due to the voltage following action of 
transistor T1, the actual asymptotic values of |, and |, are 
respectively about 85% and 25% of that shown in 

Fig. 3.3. There is an additional attenuation of |, and |,, 
due to high frequency roll-off, but it is small for 
frequencies less than 500 MHz. 


Also, the actual large signal DC current, I_., is 
substantially greater than I, and is given by 


Lot = | + V/(7R,), where (3.2) 


The second term is due to the unbalanced half-wave 
rectified current in the collector of T1. 
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Diff. Amp. 
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Relative Gain 


Vp/2Vr 


Figure 3.3 Harmonic Components versus Drive Level 
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Tank Circuit 


If the tank is tuned to the n" harmonic (n = 1, 3 or 5) and 
ifR_ is its effective parallel resistance, then the peak 


mul 


differential voltage developed across the two collectors is 
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Roar mix ‘S the parallel resistance of the LO-input of the 
mixers connected in parallel with the diff. amp. output. 
The simulated curve for R.,,,.__,,, iS given in Fig. 3.4. The 
simulation was done with the mixer ina non-switched 


state, and with the diff. amp. tail resistor R. of 1.2 kQ. 


Vi =lIR_» withn=1o0r3or5 * (3.3) The receiver frequency is f... = 1/2nv(L_,C...,), with (3.6) 
The effective parallel resistance of the tank is Ly) = 2L, (multiplier tank inductances L, = L,) (3.7) 
Fai = 2A ey pp Parallel Bio: aig (3.4) 
- - Cou = Crune my (Multiplier tuning capacitor) + C, 
Roar tp IS the parallel resistance of either coils with (parasitics & board capacitance) + C,.. ,, (mixer & diff. 
inductance of L, at the receiver frequency f,,,. amp. capacitance) (3.8) 
The value of C,,,. ,,,, May be taken as 2 pF. 

Roar ip = Ap (2tf Lp), where Q,, is the quality factor 7 
of L, and L, at the receiver frequency. (3.5) 

RPAR Mixer LO input and Diff. Amp. output parallel R 

10.0k 

8.0k 

6.0k | | 

; a ; \ 

10.0M FREQ 1.0G 
100.0M 

Figure 3.4 Mixer LO-input parallel resistance 
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Mixer Biasing 


The resistance R, in the collector circuit provides a DC 
voltage drop to prevent saturation of the switching 
transistors in the mixer’s upper section (the mixer is a 
Gilbert Multiplier). If the DC voltage drop is larger, then 
the upper stage (switching transistors) pérformance of 
the mixer improves, but the lower stage of the mixer (RF 
input) tends to saturate when the battery voitage is low. 
At a battery voltage of 2 volts, a 300 mV drop across R, 
ensures equal collector-emitter voltage for the upper and 
lower stage transistors. So, : 


R, = 0.3/|,., [volt/amp] approximately. (3.9a) 


act 
To optimise receiver performance at an arbitary battery 
supply voltage V,, the above equation becomes 


R, = (0.5V,, - 0.7)/I,,, [volt/amp] (3.9b) 


With the value of R, so chosen, the receiver performance 
would be marginally better for supply voltages more than 
Vo: 
The above equations indicate that the value of R, 
depends on the multiplier drive level V, which strongly 
influences I... 


Spurious Rejection 


In chapter 2, it was mentioned that strong spurs occured 
at f., + N.f, (N= 1, 2, 3, ...), and a general frequency 
multiplication scheme was devised to improve spurious 
rejection. Apart from a suitable frequency multiplication 
scheme, circuit components and the board layout also 
determine to a large extent the spurious rejection. Strong 
spurs at the above mentioned frequencies, occur largly 
due to spurious signals being present at those 
frequencies, at the mixer LO-input. Therefore the tank 
circuit at the mixer LO-input (pins 17 and 18) should have 
a large loaded Q in order to attenuate the spurious 
signals. The attenuation, A, of the parallel resonant tank, 
at a frequency Af away from its tuned frequency f,, is 


A = (14S?) where S ~ 2Q.Af/f,, and Q = R(C/L)"” 


R is the loaded parallel resistance, and, L and C are the 
total parallel inductance and capacitance. To improve 
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spurious rejection, Q should be increased by increasing 
the ratio of R/VL. The unloaded Q of ceramic core surface 
mount inductors increases slightly for decreasing 
inductance values. The largest loaded Q:is thus attained 
when the parallel resistance of the inductance is much 
lower than the parallel load resistance of the rest of the 
circuit, and this is achieved by using the lowest possible 
inductance values. As the value of Lis decreased, the 
required C increases. Large tuning capacitance have 
smaller Q, and thus should be replaced by a fixed SMD 
capacitor in parallel with a small tuning capacitor (that 
covers the spreads in component values of the 
inductance and the fixed capacitor). 


Spurious rejection at harmonics (especially 3rd harmonic) 
of the receiver frequency can be substantially increased 
by reducing the LO injection level to the mixer. As is 
shown in Fig 3.3, for large drive levels (greater than 

250 mV peak differential), the 3rd harmonic is attenuated 
by a factor 3. However, if the drive level is reduced to 
100 mV, the 3rd harmonic is about 6 times smaller than 
the fundamental. At 50 mV drive, the 3rd harmonic is 

16 times smaller than the fundamental, while the 
conversion gain at the fundamental has reduced by a 
factor 2 when compared with the gain at large drive 
levels. The optimal mixer LO injection amplitude, V,,, is in 
the range 80-100 mV. 


For larger spurious rejection, the smallest value of 
inductance (and hence large loaded Q) should be used 
for L, and L, of Fig. 3.0, in order to increase attenuation 
at frequencies f,.. + Nf,. The previous equations that 
lead to the value of L, and L, assume that the collector 
current of the diff. amp. is fully switched. To improve the 
spurious rejection, the diff. amp. drive level V, has to be 
kept minimal, but this leads to a reduction in the collector 
current of the diff. amp. and thus a reduction in V,.. It is 
recommended that the lowest inductance for L, and L,, be 
used that can be practically tuned, and after that the DC 
current of the diff. amp. be selected in order to make V,, 
about 150-200 mV. The cascode tank circuit is then either 
damped (by reducing the resistance of a parallel trimpot) 
or detuned (by C,_. ..,), to reduce the IF voltage 85-90% 
of its maximum value. This ensures that the LO injection 
V,, to the mixer is in the optimal range as mentioned 
earlier, and that the diff. amp. drive V, is minimal. 
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The bypass capacitor C,,, across R,, greatly improves 
spurious rejection by shorting all common mode signals 
injected into the mixer’s LO inputs. Even though it 
degrades the balance in the differential signal across the 
collectors of transistors T1 and T2, corresponding to a 
small loss in sensitivity (less than '/,dB at 470 MHz), the 
improvement in spurious rejection is quite substantial. 


Buffer Amplifier 


If the differential amplifier is used as a buffer amplifier 

(m, = 1), then the fundamental collector current |, will 
have a high frequency roll-off as shown in Fig. 3.5. The 
envelope of the peaks in the graph give the value of I, 
normalised to its value at low frequencies. This simulation 
has been done with R, of 1.2 kQ, along with an infinite 
quality factor for both L, and L.. The 3 dB point is ata 
much lower frequency than when m, is 3 or 5, and is due 
to the Miller effect. 


1.0 









800.0m 
600.0m 
400.0m 
0.0 Leta ae oN > 
20.0M 


Figure 3.5 High Frequency Attenuation of |, 
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The voltage gain, A, = V_/V,,, at low frequencies is 


A, =9,,R 


mul? 


where g_, = I/V, [A/V] (3.10) 


For example, when the DC current | is 360 LA, g__ is 

13.8 mMhos, and the voltage gain fora 1 kQR__ is 13.8. 
To get a mixer LO drive, V_ of 150 mV, the required V,, 
from the oscillator cascode output is 150 mV/13.8 i.e. 
about 11 mV only. To get such small values of V,, the 
cascode output tank must be damped by a small parallel 
resis-tance. Usually, it turns out that this resistance is 
much smaller than R__, (between 10 and 100 Q only), and 
so one may tend to dispense with the tank circuit 
altogether. However, when m, > 1, the levels of unwanted 
and stronger sub-harmonic frequency components at the 
cascode output, should be kept less than V,,, and 
because of this, the tank circuit is essential, although it is 
no longer necessary to tune it (due to the large damping, 
there is negligible change in amplitude with tuning). 


DIFF. AMP. FREQUENCY RESPONSE 








500.0M 


(LOG) 
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3.2 DESIGN OF OSCILLATOR TANK 


The tank circuit at the cascode output of the oscillator, 
can be resonant at the crystal oscillation frequency, or its 
second harmonic, thus providing a multiplication factor m 
of 1 or 2. As can be seen in Fig. 2.6 of the previous 
chapter, the 2nd harmonic of the collector current, varies 
more than the fundamental, as g_/g_, changes with the 
tuning of the crystal. For this reason, the gain margin 
g..9/9,, should be sufficiently large over the tuning range if 
the 2nd harmonic frequency is used. The 3rd harmonic 
component (for the case when m, = 3) should be used 
with extreme care, since it shows an even larger variation 
with the crystal tuning. 


{ 


Theoretically, the tank components should be chosen to 
provide sufficient drive to the differential amplifier. The 
amplitude of this drive signal V, is related to the 
frequency multiplication factor m, of the differential 
amplifier, and is given in Table 3.0. The upper limits of the 
drive levels given in this table, are targeted to attain the 
asymptotic valus of the current amplitude curves shown 
in Fig. 3.3. However, these large drive levels degrade 
spurious rejection of the receiver (even though the 
receiver sensitivity is best), and thus a compromise must 
be made between obtaining optimal drive levels, and 
achieving good spurious rejection. The application circuit 
design should aim at maintaining the minimal drive level 
as given in table 3.0, over the tuning range of the crystal 
oscillator. The multiplication factor of 5 requires a large 
drive level, and hence the spurious rejection would be 
worse than if m, was 3, for the same receiver frequency. 


Drive Signal m2, Frequency 
Amplitude, Vd Multiplication 


(mV) Factor of Diff. Amp. 





* actual range is much smaller, as described below. 


Table 3.0 Diff. Amp. Drive Level for optimal sensitivity 
When m, = 1, then it is not necessary to fully switch the 


diff. amp. because its fundamental current |, is quite 
large, and more than sufficient to produce a V,, of 
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150 mV. The drive level V,, should be 10-50 mV only, and 
not 150-250 mV as given in the table above. 


Component Values for Tank Circuit 


The following are required in order to determine the tank 
circuit components. 


a) Oscillator large signal bias current, |,,, and. 
multiplication factor m, 

b) Drive amplitude, V.,, for the diff. amp. 

c) Tail resistor, R,, of the diff. amp. 


Denote I,__,, as the harmonic component of the cascode 
collector current selected by the parallel resonant tank. 
Over the oscillator tuning range, the fundamental current 
component varies from 2l, to about 1.51,, (at extremes). 
The second harmonic component varies from 1.61, to |, 
approximately. To be on the safe side, take 


| = 1.51, form, = 1, and 


fank 


tank = Fe for mM, = 2 

The required tank parallel resistance resistance, R..., is 

given by 

Ross = Vp! lean (3.11a) 
cas = Pisicises parallel PR... gi Parallel R,, where (3.11b) 

Roar Leas 'S the parallel resistance of the inductance L.,., Fi, 

is the base bias resistor (9.6 kQ) of the diff. amp., and 

R is the parallel resistance of the diff. amp. input. 


par_diff : ; 
The large parallel resistance of the oscillator cascode 


output, may be neglected in determining FR... 


R OQ) alent Lh), with f.. =m, 7..and.@ ne 


par_Lcas _ cas cas 


quality factor of L_, at frequency f (3.12) 


cas 


nee az (9 Cifficult to calculate or simulate, since the input 
impedance of the diff. amp. varies with the instantaneous 
level of the drive signal VCos(wt). However, it’s value 


lies approximately within these limits: 
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BV_/l (small-signal input impedance) < Ro. 4, < BR, 
(voltage follower input impedance). A value of 2BV./l may 


be assumed for practical purposes. (3.13) 
The cascode output frequency, f,.., is 
feac = MF) =fy/M, = 1/2nv(L,.C.,.), where (3.14) 


Cas = Crune cas (tuning capacitor) + C... 44 (diff. amp. input 


& cascode output) + C ave (parasitics & board 
capacitance) . (3.15) 
lfm, =1,then C... «increases by a factor 

(IVD)R Cre t+: Which is the Miller Capacitance. C,. _, is 
the base-collector capacitance of T1. For m, not equal to 
one, the Miller Capacitance may be ignored, and C 
may be taken as 3 pF. 


par_diff 


Spurious Rejection 


As discussed in the section on spurious rejection of the 
diff. amp. frequency multiplier, the value of L.., may be 
taken as low as possible to obtain a high Q. This will 
improve spurious rejection by supressing the amplitudes 
at harmonics (and subharmonic if m, > 1) of the oscillator 
cascode output frequency. However, the spurious 
rejection is more strongly influenced by the drive level V,,, 


which should be kept minimal. 


With crystal frequencies more than about 60 MHz, and 
along with m, = 2, there is a large (about 50%) variation 
in ln. With crystal tuning, so a variable damping resistor 
(with a maximum value about 4 times the parallel tank 
resistance R...) may be used in parallel with the tank, to 
adjust the amplitude V.,. After initial tuning of the receiver, 
the damping resistor is reduced from its maximum value, 
till the IF level drops to 50%. This reduces V,, so that the 
differential amplifier is not overdriven. C15 is now tuned 
maximum IF level (on pins TPI and TPQ). The damping 
resistor is then increased to maximum, and the IF level 
noted. The damping resistor is then decreased so that 
the IF level is reduced by about 10%. This ensures that 
V,, is just at the optimum level. 


When m, = 1, there is smaller variation in I, with crystal 
tuning. For the case m, = 1 and m, > 1, the damping 
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resistor is not really required, and the tank may instead 
be detuned by the tuning capacitor, C to reduce the 
IF level by about 10%. 


tune_cas’ 


If the oscillator is designed to provide a large gain margin 
over the entire tuning range (by providing sufficient bias 
current or by having smaller tuning range for the crystal), 
then the variation in I,,,, would be very small, and the 
damping resistor may be dispensed with, and instead the 
value of L.., and its Q may be appropriately taken to 
obtain the minimum required drive level V... 


3.3 EXAMPLES 
1) RECEIVER FREQUENCY OF 469.95 MHz 


From Table 2.0 of the previous chapter, m, = 2 and 

m, = 3 at 469.95 MHz. The oscillator frequency is thus 
469.95/(2 x 3) = 78.325 MHz. The design of this oscillator 
has been covered in the previous chapter. 


Design of the Diff. Amp. Tank Circuit 


The first step is to fix the bias current of the diff. amp. ata 
reasonably low level, say below 500 WA. Choosing a 1.2 k 
tail resistor, Fig. 3.1 indicates about 360 uA quiescent 
current. The other way round, a 360 LA tail current gives 
a value of 1.2 k for’ R., using equation (3.0). The 
amplitude of the third harmonic collector current is, from 
(3.1b) 

|, = 360 x 4/(37) x 85% = 130 LA 


From (3.3), for mixer drive voltage V_ = 150 mV, the 
effective parallel resistance required is 


R_, = 0.15 v/130 WA = 1.15 kQ. 


The parallel resistance of the mixer LO_input and diff. 
amp. output, R.. _,» is about 3 kQ at 470 MHz, as given 


par_mi 


in Fig. 3.4. From (3.4), the required parallel resistance of 
the tank inductors, is then 


= 869 2 


par_Lp 


Roar ip = 1.15 x 3.4/(3.4-1.15) = 1.74 k, or R 


If Q,, is 50, then L, > 5.9 nH from (3.5). 


This implies L,, = 2b, 2 12 nH 
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Using equation (3.6) we getC_ < 9.5 pF. 


mul — 


With a 1 pF board and parasitic capacitance C and 


C of 2 pF, the tuning capacitance is, 


par_mix 


p_mul? 


C /< 6.5 pF 


tune_mu 


The closest inductance values are L, =L,=8nH, and the 
corrresponding C = 2.5-6 pF 


Tune_mul 


From Table 3.0, the minimal drive level V, = 250 mV for 
m, = 3. The large signal DC current is thus, from (3.9a) 


lot = 360 x 10° + 0.25/(21200) = about 425 LA 
The collector resistor R, is, from (3.9), 


R, = 0.3 V/425 pA = 704 . A standard value of 680 Q 
was used. 


Design of Cascode Output Tank 


The design of a 78.325 MHz oscillator in the previous 
chapter gave a large signal oscillator DC current of 
280 LA. As m, = 2, the signal current to be amplified by 
the tank is |,_, = ||, = 280 WA. 

To get a drive level of 400 mV peak (for m, = 3), the 
required parallel tank resistance is 


Rong = 0-4 V/450 A = 1.43 kQ 


The value of the diff. amp. small signal DC current is 
360 LA, so from (3.13), 


R 2 x 70 x 0.026)/360 pA = 10.1 kQ. 


par_diff ~ ( 


This in parallel with the bias resistor R, of 9.6 k gives 
4.9 kQ. 


From (3.11b), the required parallel resistance of the tank 
inductance is 


R = 4.9 x 1.43/(4.9-1.43) = 2 kQ approximately. 


par_Lcas 


The tank resonance frequency is 
T cag = NF. = 2 X 78.325 = 156.65 MHz 
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A wide range of available inductances and capacitances 
can be resonant at this frequency. If the quality factor of 
the inductance is too high, i.e. Ro. 144, >> 2 kK, then a 
damping resistor may be required across.the tank in 
order to limit the signal level to below 600 mV. The table 
below gives the range of C..., L.., and Q,,,. It uses 


cas’ Lcas" 


equations (3.12) and (3.14). 





An inductance of 100 nH (with a quality factor of 50 at 
156 MHz) was used. The required tuning capacitor is 
given as follows, using equation (3.15). 


The board capacitance C 
as 3 pF. 


is taken as 1 pF, and C 


p_cas par_diff 


C =C__-C 


tune_cas” ~~ cas par_diff — ©, cas 

= 10-1-3=6)pF i.e. a tuning range of 3-10 pF 
would suffice. 
The measured V,, was nearly 600 mV i.e. more than 
400 mV because the Q of the inductance was more than 
20. Asmaller inductance (to reduce V.,) was not used, in 
order to allow a 50% reduction in V,, that occurred when 
the crystal was pulled by more than 10 ppm. To reduce 
V,, (to improve spurious rejection) at the nominal 
frequency, a 5 kQ variable resistor was used for damping. 
The damping resistor was adjusted so that the IF level 
was reduced to about 90% of its peak value (that 
corresponding to the maximum value of the damping 
resistor). 


If the crystal tuning is less than 10 ppm, then the 
damping resistor is not required, and instead a lower 
inductance value (68 nH) can be taken. The IF level can 
be reduced by simply detuning the tank. 
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2) RECEIVER FREQUENCY OF 288.234 MHz 


The appropriate multiplication factors are m, = 2 and 

m, = 3 for 288 MHz, as given in Table 2.0 of the previous 
chapter. The oscillator frequency is therefore 

288.234 MHz/(2 x 3) = 48.039 MHz. 


Se, 


Design of the Diff. Amp. Tank Circuit 


The mixer parallel resistance, Roar me (8 about 5.8 kQ at 
288 MHz i.e. nearly double of its value at 470 MHz, as 
can be seen in Fig. 3.4. The component I, is 130 uA 
when R, is 1.2 kQ, as in the previous example. 


From (3.3), for mixer drive voltage V_ = 150 mV peak, the 
effective parallel resistance required is 


R_, = 0-15 V/130 pA = 1.15 kQ. 


From (3.4), the required parallel resistance of the tank 
inductors, is then 


2R = §.8 x 1.15/(5.8-1.15) = 1.43 k, or R 


par_lp 


=717Q 


par_Lp 


If Q,, is 50, then L, 2 8 nH from (3.5). 


This implies L__ 


=2L,216nH 


Using equation (3.6) we getC_ < 19 pF. 
However, to improve spurious rejection, the drive V,, had 
to be reduced, and as a result, the inductances L, and L, 
were increased to 18 nH each (Q of 50) in order to 
maintain 80-100 mV for V,,.C,__. ..,, Of 3-10 pF was the 
closest to the required 8.5 pF capacitance to tune out 36 
(i.e. 18+18) nH. Note that there is a 1 pF board and 
parasitic capacitance C and about 2 pF C 


p_mul? par_mix" 


The collector resistor R,, from (3.9), remains the same as 
before, i.e. 680 Q. 


Design of Cascode Output Tank 


The 48.039 MHz Colpitts oscillator gives a large signal 
oscillator DC current of 280 WA, when it is biased by a 
1.8 kQ resistor, as discussed in the previous chapter. As 
m, = 2, the signal current to be amplified by the tank is 

lank = Ige = 280 WA, at 96.078 MHz. 


tank 
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L.., of 33 NH (Q of 50) gave V,, of about 375 mV. It was 
tuned by a 9-40 pF tuning capacitor in parallel with a 

56 pF fixed capacitor. Larger inductances though 
increased V.,, but made the spurious rejection worse. 
Damping resistor was not necessary because at 48 MHz, 
the oscillator has a large gain margin and the amplitude 
V,, was nearly constant over +/- 15 ppm tuning range. 


Instead, the IF level was reduced by detuning the tank. 
3) RECEIVER FREQUENCY OF 172.941 MHz 


The appropriate multiplication factors are m, = 1 and 

m, = 3 for 173 MHz, as given in Table 2.0 of the previous 
chapter. The oscillator frequency is thus 

172.941/(1 x 3) = 57.647 MHz. The design of this 
oscillator has been covered in the previous chapter. 


Design of the Diff. Amp. Tank Circuit 


The mixer parallel resistance is about 7.5 kQ at 173 MHz 
and the component I, is larger than the |, of the previous 
example. Thus it would seem possible to reduce the tail 
current and still achieve sufficient mixer drive voltage. 
With an R, of 2.2 kQ, the tail current | is about 200 WA, as 
seen in Fig. 3.1. Taking this as the starting point, the 
circuit feasibility is studied next. The amplitude of the 
third harmonic collector current is, from (3.1b) 


|, = 200 x 4/(3m) x 85% = 72 WA 


From (3.3), for mixer drive voltage V_ = 150 mV, the 
effective parallel resistance required is 


R_,,. = 0.15 V/72 LA = 2.08 ka. 


The parallel resistance of the mixer LO_input and diff. 
amp. output, R,,,. ,,: 8 about 7.5 kQ at 173 MHz, as 
given in Fig. 3.4. From (3.4), the required parallel 
resistance of the tank inductors, is then 


2R_ = 7.5 x 2.08/(7.5-2.08) = 2.8kQ,orR. , = 1.4kQ 


par_Lp par_Lp 


L, and L, of 33 nH each, were used. Each of them had a 
parallel resistance of 1.2 kQ. The tuning capacitor was 
5-20 pF. 


From Table 3.0, the drive level V, = 400 mV for m, = 3. 
The large signal DC current is thus 
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ley = 200 x 10° + 0.4/(22200) = 258 LA 


The collector resistor R, from (3.9), is 1.16 kQ, and the 
closest value of 1.2 kQ was used. 


Design of Cascode Output Tank 


The design of a 57.647 MHz oscillator in the previous 
chapter gave a large signal oscillator DC current of 280 
uA. As m, = 1, the signal current to be amplified by the 
tank is |, = 1.51, = 420 pA. 


To get a drive level of 400 mV (for m, = 3), the required 
parallel tank resistance is 


R.., = 0-4/420 WA = 952 Q 


The value of the diff. amp. small signal DC current is 100 
WA, so from (3.13), 


R (2 x 70 x 0.026)/100 LA = 36 kQ. 


par_diff = 
This is in parallel with the bias resistor R, of 9.6 k gives 
7.8 kQ 


From (8.11), the required parallel resistance of the tank 
inductance is 


Roar Leas = “800 X 952/(7800-952) = 1.1 kQ approximately. 
The tank resonance frequency is 

F cag = MN, Ff. = 57.647 MHz, and the inductance L.,, from 
(3.12) is 61 nH, when its Q is 50. 


An inductance of 68 nH (with Q > 50) for L__. was used. 


cas 


C.., of 112 pF is required for tuning. An 82 pF fixed 


capacitor in parallel with 13-50 pF tuning capacitor was 
used. 


Improvements for Spurious Rejection 


To improve spurious rejection, the cascode tank had to 
be detuned in order to reduce the amplitude V,, from 

400 mV to about 250-300 mV. Besause of this, the 
amplitude V,, decreased below 80 mV, and the sensitivity 
decreased by 0.3 GB. To restore the sensitivity without 
degrading the spurious rejection, V,, had to be increased 
without increasing V,,. Therefore, the DC current of the 
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diff. amp. was increased by biasing it with a 1.2 kQ tail 
resistor R.. The DC current of the diff. amp. is then about 
430 yA, and the value of R, is 700 2 for a 300 mV drop. 
680 Q was taken as a suitable value. 


An alternative solution is to make m, = 3 and m, = 1, thus 
tuning the oscillator output directly to the third harmonic 
of the crystal oscillation frequency. Since the diff. amp. 
now has a large gain, therefore V,, can be made very 
small (less than 50 mV). L.., of 27 nH with a parallel fixed 
capacitance of 27 pF, was taken. A damping 
potentiometer of 100 92 was used to reduce V,, sufficiently 
till the IF level dropped by 10%. Because of the large 
damping, it was not necessary to tune the capacitance. 
Note that the tank circuit is still required (instead of 
replacing it by the damping potentiometer) because the 
strong subharmonics signals (x1 and x2 of the crystal 
frequency) have to be suppressed. This solution gives a 
better spurious rejection because V,, and the 
subharmonics are very small. Even with a 100 Q 
potentiometer, it was difficult to reduce the IF level by 
10%, therefore the DC current of the diff. amp. had to be 
reduced by increasing R,. from 1.2 kQ to 2.2 kQ. The 
value of R, is then 1.5 kQ for a 300 mV drop (I is about 
200 LWA). Note that even when the potentiometer is set to 
0 Q, V,, is still quite large due to the drop across the 
package lead and track inductance. 


PHASE SHIFTER 


The phase shifter is intended to split the received RF 
signal into two paths, the | and the Q channels, that are 
in phase quadrature (90° relative phase), but have equal 
amplitudes. The | and the Q RF signals are mixed with 
the LO (local oscillator) signal to produce | and Q audio 
signals that maintain the same relative phase and 
amplitude as their RF counterpart. In order to have 
optimal performance of the demodulator, these audio 
signals, and hence the | and the Q RF signals, must be 
in phase quadrature, and should have equal amplitudes. 


The impedance of the RF input of each mixer together 
with reactances connected in series, form the phase shift 
circuit, as shown in Fig. 4.0. In that figure, Z_ is the 
differential impedance of the mixer RF input. Z, and Z, 
are reactances connected in series with the mixers so 
that the current in one branch is lagging by 45°, while in 
the other it is leading by 45°, relative to the common input 
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RF signal that is fed to the phase shifter from the LNA 
output through a power matching circuit. The two parallei 
branches of the phase shift circuit, produce a resultant 
real impedance, R which is power matched to the 
LNA output. 


phase’ 






Q - CHANNEL 
ZQ 


Zm=Rm - jXm 
Zi= Rm-jRm 
ZQ = Rm + jRm 


Figure 4.0 Phase Shifter 


4.1 Detailed Analysis 


To get phase quadrature and equal amplitudes for the | 
and the Q audio signals, the RF signal voltage at each 
mixer input must be equal in magnitude, but with the 
required 90° relative phase. This implies that the RF 
current through each mixer input impedance Z_, be equal 
in magnitude, but with a 90° relative phase difference. 


The mixer RF input impedance is represented as 
Z,=*R,,- JX, The negative sign is due to its parallel input 
capacitance, including parasitics. 


The resultant impedances in the | and the Q phase shift 
branches are respectively 
ZeZo+Z. and. Zo=eZ +2, (4.0) 


lf Z, and Z, are purely reactive, then the Z, and Z, vectors 
lie on the vertical line passing through R_, as shown in 
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Fig. 4.1. As it is required that the RF current amplitude in 
each branch be equal, therefore the magnitudes of Z, and 
Z, must also be equal. These two conditions together 
imply that Z, and Z, have absolute phases of -45° and 
+45° degrees respectively. 


IMAGINARY 





0 REAL 
Zm = Rm - jxm 
Z| = Rm - jXm 

XT Padoaieseu ica Weotueunee ZQ = Rm + jXm 


2 


Figure 4.1 Impedance Diagram 


The resultant impedance of the phase shift network is, 


Z nase = 2 Parallel Z, (4.1) 
From Fig. 4.1 it is apparent that Z,=R_-jR, and 

Z,=R, +iR,, (4.2) 
Substituting these values in the equation for Z,,..., we get 
© nase = a _ jO (4.3) 


Hence the resultant impedance is real, given by 

sae a ae 

Denote © as the phase magnitude of Z_i.e.0, = 
arctan(X_/R_). Figure 4.1 is for the case R,, 2 X_, i.e. the 
angle © < 45°. The reactance Z, is capacitive. However, 
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ifR_ <X_, Le. @ > 45°, then Z, is inductive. The 
reactance Z, is always inductive. 


The reactances Z, and Z, are influenced by parasitic 
Capacitance and inductance at the mixer RF inputs. If R 
and C are the effective parallel resistance and 
capacitance respectively, measured differentially across 
the mixer RF inputs with the parasitics included, then 


Z,=R,-jX, = R parallel -j/aC, where w is the 
angular frequency. (4.4) 


This gives 
R= R/1 + @*R°C*) and X_ = wR*C/(1 + w*R*C*) (4.5) 


The capacitance of Z, is given as 
C, = (1 + w°R°C’*)/[@(R-aR?C) (4.6) 


The inductance of Z, is given as 
R(1 + @RC)/[o(1 + @*R?C*)] (4.7) 


For the case when Z, is inductive, its inductance is given 
by 


L, = R(@RC - 1)/[o(1 + @*R°C?)] (4.8) 
In order to balance the mixer RF inputs to ground, the 


reactances C, (or L,) and L, must be split into two equal 
components as shown in Fig. 4.2. 
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Figure 4.2 Balanced Phase Shift Circuit 


Figure 4.3 shows the simulated value of R_,, for various 
parasitic capacitances that are in parallel to the mixer 
differential inputs of the | and the Q channel. R., is also 
the total impedance of the phase shifter, and has to be 
power matched to the LNA output. 


Figures 4.4a and 4.4b show the simulated capacitance 
C,, while Fig. 4.5 shows the simulated inductance L,, for 
the same parasitic capacitances. 
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Figure 4.3 Simulation for R_ 
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4.2 EXAMPLES 
1) RECEIVER FREQUENCY OF 469.95 MHz 


For a parasitic capacitance between 400 fF and 800 fF, 
C, varies from 3.7 pF to 22 pF, as shown in Figures 4.4a 
and 4.4b. L, varies between 100 nH and 125 nH, as 
shown in Fig. 4.5. By trial, 2C, of 22 pF and L,/2 of 40 nH 
(nominal) were the closest in the range of components 
that gave the best result. From the graph in Fig. 4.4b, 

11 pF for C, implies a board capacitance of about 600 fF, 
which was also the measured value. The measured value 
of L,/2 component was little larger than 40 nH at 

470 MHz, and with an additional total inductance of about 
20 nH due to board wiring, the effective value of L, was 
close to the simulated result. 


2) RECEIVER FREQUENCY OF 288.234 MHz 


The simulated values are 4.5 pF to 5 pF for C, (when the 
parasitic capacitance is between 600 fF and 700 fF) and 
about 190 nH for L,. The actual components had the 
values of 10 pF for 2C,, and 68 nH series 82 nH for L,. 


3) RECEIVER FREQUENCY OF 172.941 MHz 


The simulated values are 4.75 pF to 5.25 pF for C,, 
(when the parasitic capacitance is between 600 fF and 
700 fF) and about 305 nH for L,. The components that 
gave the best results, were 10 pF for 2C, and 150 nH for 
2: 


4.3 CONCLUDING REMARKS 


The simulated values of C, and L, give reasonably good 
results for the corresponding parasitic capacitance at the 
mixer input. Better results are obtained if the measured 
inductance value of L, at the receiver frequency, is used, 
instead of its nominal value at a different test frequency. 
An inductance of 1 nH per millimeter of board wiring 
should also be considered for an accurate determination 
of L,. The simulation was done assuming identical 
parasitic capacitance at the mixer RF inputs, and the 
effect of board wiring inductance was ignored. 


The relative phase and difference in amplitudes between 
the | and Q audio signals at pins 1 and 2 (TPI and TPQ), 
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should be measured, keeping their amplitudes less than 
about 25 mV, to prevent inaccuracies due to differences 
in the gain compression in the two channels. It is 
recommended to measure the phase difference at the 
limiter outputs which have a hard limited waveform, with 
only the phase information. The limiter output is available 
at pins 26 and 27 when pin 25 (TS) is pulled to a voltage 
level higher than 0.9 V (e.g. to Vp). 


LOW NOISE FRONT-END RF AMPLIFIER 


The UAA2080T has a low noise front-end RF amplifier 
(called the LNA) to attain high sensitivity. Figure 5.0 
shows a typical application circuit at a receiver frequency 
of about 470 MHz, for an unbalanced 50 Q signal source. 
As shown in that figure, the circuit internal to the 
UAA2080T is an emitter-coupled differential amplifier that 
has a cascode differential output. The application circuit 
design for the LNA consists of a) Biasing, b) Input Noise 
Matching, and c) Output Power Matching. The circuit for 
the LNA should be optimised to attain the required 
spurious rejection for the receiver, and this requires a 
small trade-off with sensitivity. 


5.1 BIASING 


The biasing of the LNA influences its gain, input 
impedance, noise figure, IP3, and the DC current. As 
shown in Fig.5.0, the bases of the transistors T1 and T2 
are internally biased by a 1.22 volts DC band-gap 
reference. The actual DC bias current is determined by 
the external tail resistor R, which is in series with an 
internal 150 Q resistor. 


If the total tail resistance is R. = 150 + R,, and | is the DC 
tail current of the LNA, then with reference to Fig. 5.0, 


ee Vee Nein? 215) Re (5.0) 
I 28 

| is the small signal DC tail current 

3 is the current gain, taken as minimum 70 

|. = 2.7973 x 10°'4 mA, the reverse saturation current 


S 

R, = 9-6 kQ 
V, = 1.22V 
V, = 0.026 mV 
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The above equation is the same as the one for the 
biasing of the differential amplifier frequency multiplier 
which was described in chapter 3 (see equation (3.0)), 
hence Fig 3.1 of that chapter shows the simulated values 
of R. versus | for the LNA too. 


Figure 5.1 shows simulated differential input impedance 
(parallel R and C) of the LNA as a function of frequency, 
with the external tail resistor R, as a parameter. 

Figures 5.3 to 5.5 show the gain and noise figures, while 
Figures 5.6 to 5.8 show the IP3 (referred to input, in dBm) 
and the gain. Each of these simulations are for a 
particular frequency only (around 173, 288 or 470 MHz). 
In these simulations, the total parallel resistance of 
inductances L, and L, was kept as 2 kQ, and the load 
was also a 2 kQ resistor (matched load). The values of L,, 
and L, were chosen to tune out the capacitive reactance 
of the LNA output. 


In Figures 5.3 to 5.5, it can be seen that the minimum 
noise figure occurs at a particular value of the source 
resistance, for a given R.,. The variation in the minimum 
noise figure with biasing (value of R,), is very small. The 
minimum noise figure has the lowest value when R, is 
330 Q. It may also be seen that the minimum noise figure 
does not correspond with the maximum power gain. 


Equation 5.0 gives a value of 330 Q for R, when | is 

770 LA. At the frequencies of 173, 288 and 470 MHz, the 
minimum noise figures are 1.3, 1.5 and 1.8 dB 
respectively, when biased by an R, of 330 Q. The 
corresponding source resistances at the minimum noise 
figures, are 1.3, 1.1 and 1.0 kQ respectively. For these 
source resistances, the power gains are 20, 19 and 17.7 
dB, and the input IP3s are -27, -26.5 and -25.5 dBm 
respectively. 


Conclusion 


In pager applications where battery power has to be kept 
minimal, R, may be kept at 330 © or more. In 
applications where battery drain is not a major constraint, 
a lower value of R, could be used. This would increase 
the DC current, but would also increase power gain, and 
reduce the input parallel resistance, thus reducing input 
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5.2 INPUT NOISE MATCHING 


To achieve a minimum system noise figure, the source 
resistance seen by the LNA should be somewhere 
between the one that gives the minimum noise figure for 
the LNA, and the one that gives maximum power gain for 
the LNA. Since the LNA is the receiver’s front-end and 
has a large power gain, the source resistance that gives 
the lowest system noise figure, will also be close to the 
one that gives the lowest LNA noise figure. Denote 

F wat.) as the noise figure and G,,,,(R,) as the available 
power gain of the LNA, both of them being a function of 
the source resistance R, as shown in the simulations 
(Figures 5.3 to 5.8). Let F..., .,, be the equivalent noise 
figure of the rest of the stages following the LNA, and 

F the total noise figure of the cascade of the LNA and 


system 


the rest of the stages. Then, 


F a 
E =F,,(R.)+ post_LNA 


system (5.1 ) 
Gina (Rg ) 


The post LNA noise figure, F ., ., i$ about 14 dB i.e. 
about 25, and with the gain G., a little greater than this, 
the second term in the above equation would be about 
one, with a small variation as G,,,, changes with R,. The 
first term varies much more with R,, and thus the optimal 
R,, that gives lowest F, .,,,,. iS very close to the value that 
gives the lowest F, ,,,. Due to the loss in the input 


matching, R, is lower than the optimal simulated value. 


The circuit in Fig. 5.0 has an unbalanced source in which 
one of the input terminals is grounded. By having a 
balanced input as shown in Fig. 5.2, the LNA noise figure 
could be decreased slightly, with similar improvement in 
receiver sensitivity. In Figure 5.0, the source resistance 
R,, has been transformed to a larger parallel input 
resistance R_ ,, given by 


R 


Ti 


_=R,(1 + Q2), with Q = 1/(2nf,,C,R.) (5.2) 


Capacitance C,_ is transformed into a parallel input 
capacitance C,. ,,, given by 


losses in the noise matching with a low impedance Cor in = CjpQP/(14+Q’) ~ C,, if Q is large. (5.3) 
antenna. Also the input IP3 would improve. . 
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Figure 5.0 470 MHz LNA Application 
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The LNA parallel input capacitance, C,,,, ,,, board 
parasitic capacitance, transformed capacitance C...._,,, 
and a small tuning capacitance, C,__.. ,,. all of which add 
up in parallel, are tuned out by the inductance L. The 
range of C, _. , should be large enough to compensate 
the spreads in L and other capacitances. The value of 
C may be taken as 1.5 pF. 


LNA_IN 


Spurious rejection and Noise Figure 


With reference to Fig. 5.0, the noise figure, F of the LNA 
with the input matching, is given as , 


F=(1+R,,/R,]-Fiy,(R.), where (5.4) 
R, (= Q,La, Q, is the quality factor of L) is the parallel 
resistance of L. R, (= R, ,, parallel R,) is the source 
resistance as seen by the LNA. 

The term in brackets, is due to the insertion loss of R.. 


It may be noted that the input parallel resistance, R, ,,. j; 
of the LNA does not influence F. In order to optimise F, 


RPAR 


8.0 
6.0 
4.0 


2.0 


Figure 5.1 LNA Input parallel R and C (X-axis is frequency) 
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R, needs to be large, which means that both the 
inductance L and its quality factor, should be large at the 
receiver frequency f,.. However, the spurious rejection 
due to this tuned circuit, is proportional to the loaded 
quality factor, Q 


loaded’ 


Q = R(C/L)'’? = R/Lw, where (5.5) 


loaded 
R (= R, ,, parallel R,, parallel R, ,,, ,,) is the total parallel 
resistance across the LNA inputs. 


C(=C...,,+C + Cina in + Parasitic capacitance) is 


par_in tune_in 


the total capacitance across the LNA inputs. 


Therefore, to have large Q,..,,, and simultaneously small 
F, R should be large and L small. The use of air core 
inductance is therefore imperative. 
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RPRR 
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Figure 5.2 Antenna Matching 
Antenna Noise Figure 


A typical noise matching with a loop antenna is shown in 
Fig. 5.2. If F__, is the antenna noise figure, then the total 
system noise figure, F becomes 


system’ 


Fea sl 
F een = Fa ale [1 at Re in /R,| ° eer (R, paralellR,) + ees (5.6) 
Gina(Rs) 


Note that the source resistance, R., of the antenna, is the 
sum of its radiation resistance (R.,), and its loss 
resistance (R, ). The source resistance, R., is 
transformed to R, ,, by the matching circuit. The antenna 
noise figure is given by 


Fat F_atR/R, where (5.7) 
F., is the equivalent noise factor of the received noise 
field 

For a loop antenna, R, (ohms) = 320n?A?N7/A4 (5.8) 


A is the loop area, and A is the wavelength. N is the 
number of turns in the loop. 


At frequencies below 50 MHz, the noise figure of the 
received field, F,, is large, and there is not much 
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improvement in F.,, by keeping the antenna loss 
resistance R, small. At higher frequencies however, F,, is 
small, and thus it is very important to keep R, small. This 
can be achieved by reducing the resistivity of the antenna 
surface. Since the loop antenna resistance (given by 

R,, =, + R,) is small, there would be considerable loss 
in the transformation network when transforming to the 
large optimal source resistance of the LNA, for a noise 
match. To keep system noise figure low, F as given in 
equation (5.4), has to be minimised. This would usually 
mean aR, , which is smaller than the value obtained 
from simulations. 


If E is the incident electric field (in volt/meter), then the 
voltage developed by the loop antenna is 
V =h,,E, where (5.11) 
h.,, [meter] = 2nAN/A, is the effective height of the loop 


antenna, (5.12) 
with A in [meter?] and A in [meter]. 


Antenna Noise Matching 


For maximum receiver sensitivity, the value of R, ,, 
should be close to the simulated value of the optimal 
source resistance. The proper way to transform the 
antenna source resistance, is shown in Fig 5.2, with the 
necessary equations described below. 


With 'D' the loop diameter, d the diameter of the wire, 
both in centimeters, and N the number of turns, the loop 
antenna’s inductance, L__,, is given as 


ant? 


L__, (uH) = 2210°DN2{[In(8D/d) - 2] (5.9) 


This inductance along with the two series capacitances 
(2C. connected at each end of the loop antenna), have a 
resultant reactance, X, given by 
X=L,,@- 1/(C, w) (5.10a) 
This resultant reactance X is in series with R,. The series 
combination of R,, and X is equivalent to a parallel 
combination of R, ,, and X, ,,. The transformed resistance 
and reactance are 
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R, = R(1+Q2), X,,,=X(1+Q2), with Q=X/R, (5.10b) 


Ti 


If Q is large, then X, ,, = X 
Inductive Transformation 


Usually it is preferred to keep the reactance X positive 
(i.e. inductive). Then X_ , is the reactance of a parallel 
inductance (across pins 3 and 4 of the UAA2080T), and 
can therefore be tuned out by a tuning capacitor C 
whose value is given by 


tune_in 


C =X. ./@ 


tune_in T_in 


(5.10c) 
The circuit in Fig 5.2 uses inductive transformation. 
Capacitive Transformation 


On the other hand, if X is taken negative (capacitive), 
then X, ,, represents the reactance of a capacitance, 
C across pins 3 and 4 of the UAA2080T), given by 


par_in ( 


Can = [OX (5.10d) 


oa 
This requires a tunable inductor across pins 3 and 4, for 
tuning. Instead, a fixed inductor, L can be used along 
with a parallel tuning capacitor C,,, ,, (which is taken as a 
fraction a of C.,,. ,,), across pins 3 and 4. They are given 
by - 


par_in’ 


L = [(1+a)C 


par_in 


w*]' and C C (5.10e) 


par_in tune_in a par_in 


Taking negative X is not desirable as it requires an 
additional inductance at the input matching. The finite Q 
of this inductance increases the input noise figure. 
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Reducing antenna Inductance 


The loop antenna gain and radiation resistance R,, 
increase with the square of N (number of turns in the 
loop), but unfortunately, so does L,_,. A very large L,,. 
could require a very small and impractical value of 2C.. 
To avoid using very small capacitances, many larger 
capacitors can be put in series to give an effectively small 
value of the required C, . Instead of lumping the series 
capacitors at the two ends of the antenna, it is better to 
distribute them between the turns (i.e. break connection 
between adjacent loops and insert the capacitors in 
series). 
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5.3 OUTPUT POWER MATCHING 


The LNA output is a cascode stage that has a high output 
impedance, and may be considered as a differential 
current source. To maximise the power gain of the LNA, 
the load resistance should be made as large as possible. 
This means that the resistive load, eevee of the phase 
shift network, has to be transformed to a large resistance 
by the output matching. The maximum value of the 
transformed resistance is limited by losses in the 
matching and tuning networks, and losses due to the 
board (dielectric and copper losses). 


Figure 5.9 shows the output circuit. Capacitances C,, , 
and C, transform the phase shift resistive load, R,,,..¢, to a 
large value R,,.,. For power matching, R,,., must be equal 
to 2R,, where R, is the parallel resistance of inductances 
L, or L,. These inductances along with the tuning 
capacitor oe ow tune Out the reactance at the LNA 


output. The transformation formula is given as 








l 2p2 2 
ae = +O) Sone Cow a C;) (5.1 3a) 
wo Lae on 
If C, = NC,,, then 
Essa = gages EN)? Aaa shase With (5.13b) 
Xeour = 1/@C,,, (the reactance of C,. ,) 
The equivalent paraliel capacitance, Cxean of the 
transformation network, is given as 
2H 2 

C Aue Cas + @ Ronse 3C ou (Cs tae) (5.1 3c) 

ne I ote OR oahse (C, az Ci i: 


It may be taken as C.,, approximately, when the 
transformation ratio is large, with C, 2 C.,.. 


The parallel combination of C, and R.,,., is equivalent to 
a series combination of a smaller resistance R..,., and a 
capacitance (transformed capacitance of C,). This series 
resistance is then again transformed to a very large 

parallel resistance R..,, by the capacitance C,, in series 
with the transformed capacitance of C,. Larger the value 
of C,, the smaller R is, and also the greater R_., but 


series load? 
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so are the losses due to the ESR (equivalent series 
resistance) of C, and C.,,. To minimise ESR losses, the 
ratio of R..,,, to the total ESR should be maximised. 
Assuming that the quality factors of C,,, and C, are large 
and equal, and do not change as their capacitances are 
varied, the ratio of R.,,,,, to the total ESR of C,,, and C, is 
maximised when the capacitive reactance of C, equals 
R L.e. 


phase 


Kw = A 


C3 phase’ 


Under this condition, the transformed resistance is 


Bier = Rigel + N)? ag N*] (5.14a) 


and the ratio, A, of R 
ESR) is, 


to the loss resistance (total 


series 


A = Q’/[2(N+1)], 


with Q’ the quality factor of C,,, or C, (5.14b) 


When the above condition holds, the insertion loss, IL,,,., 
of the transformation network is minimum, and is given by 
Lon = 1 - 1/A (5.14c) 


If the capacitance C, is not used in the circuit, then the 
transformation is given as 


PRioad = Ronase(1 + Q*), with Q = (2nf,,C.-Riass) (5-158) 
Capacitance C,,, is transformed into a parallel 
capacitance C... ..» given by 

Coa out = PonQ/(1+Q*) = C,,, if Q is large. (5.15b) 
The ratio of R.,ase 10 the loss resistance (ESR of C,,,) is 

A = QRoase!Xcout (5.15c) 


To maximise power gain, L, and L, should have as large 
a value possible, along with a large quality factor. 
However, if their total parallel resistance 2R, is too large, 
then other losses become dominant, and the optimal 
level of R,,.., is smaller than 2R,, and increasing R, much 
further (by using larger inductance) may not significantly 
improve the gain. It usually turns out that the largest 
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value for L, and L, is limited by the minimum practical 
capacitance value of C, _. .,,, which should at least be of 
the tuning range of 2.5-6 pF. 


Spurious Rejection 


The spurious rejection of the receiver can be substantially 
improved by increasing the loaded Q of the tuned circuit 
at the LNA output. This can best be achieved by lowering 
the inductance of L, and L,. The LNA gain reduces 
because the parallel resistance of the inductance also 
becomes smaller. However, the loss in receiver sensitivity 
is only marginal because the LNA gain is still quite large. 
Thus, air core inductances are not needed for L, and L,, 
and they may be used only if the sensitivity has to be 
really maximised (the improvement would be marginal, 
say within 1 dB). It is important to keep 2R, much 
smaller than the parallel loss resistance of the board, 
which could be about 10 kQ at UHF, and a little higher at 
VHF. With insertion loss due to the board losses and 
losses iN Cy. ou Coy, and C,, much less than 3 dB, the 
loaded Q with power matching is a little less than half the 
Q of the inductances. The value of 2R,, should be 
between 2 and 3 KQ in order to have maximal gain, while 
attaining a loaded Q of about half that of the inductances. 
By reducing 2R,, below 2 KQ, the power gain (with 
matched load) decreases, while the loaded Q 
approaches half that of the inductances. This may be 
done to improve spurious rejection further, at the expense 
of reduced sensitivity. 


5.4 POWER GAIN 


The simulated power gain, G,, [dB], corresponding to the 
transformed source resistance R, ,, is shown in Figs. 5.4 
to 5.6, for particular frequencies. Since the simulated 
LNA gain has been done for a matched load of 2 kQ, it 
would differ for other loads. The correction in gain, 

G__ [dB], due to the matched output load resistance 


cor 


differing from 2 kQ, is 


G_ [dB] = 10.log(R,_/2), 


cor load 


(5.16a) 


with R,,., in kQ. This assumes that the value of R,,.,, is 
equal to 2R,,, and that the equivalent parallel loss 
resistance due to board and matching losses, is much 


higher. 


load 
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PHASE SHIFTER & 
: MEXER 


C3 | : 
2Cout 2Cout 
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POWER MATCHING 






UAR2O80 
LNA 


Figure 5.9 Output Power Matching 


The insertion loss, IL, 


in? 


of the input matching circuit is 


IL, =[1+(R,,, parallel Riv. )/Rel’, (5.16b) 


T_in LNA_| y) 


and the insertion loss in dB is IL, [dB] = 10.log(IL, ) 


R, is the parallel resistance of the inductance L. 
However, if the quality factor Q, of the total parallel input 
capacitance is not very much larger than the quality 
factor Q, of L, then effective parallel resistance R,, is 
calculated by the following formula. 


R, = QLo, with Q = [1/Q, + 1/Q,J" (5.16c) 

The total gain, GAIN, ,,,, is given as 

GAIN, ,, [dB] = G,,,[dB] + G,, [dB] - IL, [dB] - IL,,,[dB] 
(5.16d) 


5.5 INPUT THIRD ORDER INTERCEPT POINT 


The input IP3 of the receiver is dependent largely on the 
input IP3 of the LNA. The IP3 at the input terminals of an 
emitter coupled differential amplifier is 100 mV peak. For 
frequencies close to the received frequency, the system 

input IP3 is given by the following equation. 
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IPS, tem = IP3,y, - 10.log[1 + 10(IP3,,, + GAIN, va - 
IP3,,nce)/10] (5.17) 


siaee) 
All the IP3’s are referred to inputs, and are in dBm. 
GAIN,,,, and IL, are in dB. 


IPS. uase IS the IP3 of the phase shifter the mixer taken 
together. The simulated values for the mixer IP3 are 
given in table 6.0 (chapter 6). IP3 is approximately 
3dB more than that of the mixers. 


PHASE 


The IP3,,,, improves over the simulated value due to the 
insertion loss at the input. But this occurs at the expense 
of increased noise figure. 


IP3,, = IP3,.,.(simulated) + IL, [dB] 


input 


(5.18a) 


LNA 


The intermodulation rejection of the receiver, IM3 is given 
by 


IM3[dB] = 2[IP3._. - A- 3- CCR/2)/3 (5.18b) 


system 
‘A’ is the receiver sensitivity (at say 3% bit error rate) in 
dBm. CCR is the co-channel rejection in dB, when the 
signal power level is A+3 dBm. 


5.6 EXAMPLES 


In the following examples, the LNA has been biased by a 
330 Q external tail resistor. 


1) RECEIVER FREQUENCY OF 469.95 MHz 
Input Noise Matching for 5002 unbalanced source 


For a balanced input, the simulation in Fig. 5.6 shows an 
optimal source resistance of 1 kQ, at which the noise 
figure is 1.8 dB. C, of 1.35 pF (2.7 pF/2) transforms a 

50 Q source into R, ,, of 1.3 kQ. The 12.5 nH Lis an air 
core type with a Q of about 145 at 470 MHz. With a Q of 
about 200 for the parallel capacitance, the Q of the tank 
alone is about 84. Its parallel resistance R,, is thus about 
3.1 kQ, bringing the value of R, to about 916 Q (1.3K 
parallel 3.1 K), which is the source resistance seen by the 
LNA. The degradation in noise figure is a factor 

1+R_ ,/R, = 1.42, which is about 1.5 dB, thus making the 
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LNA noise figure 3.3 dB, for a balanced input, and a little 
worse for the unbalanced case. 


The parallel input resistance of the LNA is about 3.2 kQ, 
so the insertion loss of the noise matching circuit is 

2.3 dB, using equation (5.16b). This increases the input 
IP3 of the LNA by 2.3 cB. 


The inductance L of 12.5 nH, requires a capacitance 
1/Lw? i.e. about 9 pF for parallel resonance. With 1.35 pF 
C,, 1.5 pFC,,,, ,,and 1.5 pF board capacitance, a 
remaining 4.5 pF is required for tuning. Due to board 
wiring, the effective value of L increases by about 1nH 
per cm of PCB track, soC, _. , would be less than 4.5 pF. 
A value of 2.5-6 pF tuning range was found appropriate. 


The loaded Q at the input is (R, parallel RP... ;y)/@L. From 
Fig: 5.3; R is 3.5 kQ, so the loaded Q is 725/37 = 20. 


LNA_IN 


Output Power Matching 


sree is about 190 Q, from the simulations in Fig. 4.3 of 
the previous chapter. In practice, pee will be less than 
the simulated value due to losses in the phase shift 
components. With the choice of 2.7 pF for C, and 2C,,., 
X,. is a little less than R,,.,,. and N = 2. The transformed 
load, R,,,g: iS about 13R.,..., = 2-5kQ, using equation 
(5.14a). Inductances of 8 nH for L, and L,, with a Q 
greater than 50 at 470 MHz, provide a total parallel 
resistance close to 2.5 kQ for power matching. 


The 16 nH total inductance requires a capacitance of 
1/Lw* ~ 7.2 pF. The transformed parallel capacitance is a 
little less than 2.7/2 pF i.e. less than 1.3 pF. With the LNA 
parallel outout capacitance along with board parasitics 
taken as 2 pF, the tuning capacitance required is 

7.2 - (1.3 + 2) =3.9 pF. The range of 2.5-6pF was found 
suitable for C, our 
The loaded Q of the output is a little less than half the Q 
of L, or L,, due to losses in the board and impedance 
transformation. 


From Fig. 5.6, the simulated gain is 17.7 dB. The 
correction due to the load differing from 2 kQ is 0.97 dB. 
The input insertion loss is 2.3 dB. The total power gain is 
about 16.4 dB, without considering losses at the output. 
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The system IP3 is about -28.3 dBm, using equation 
(5.17). The receiver sensitivity was measured around 
-125.5 dBm (for 80% call success rate) with the 
PCF5001T decoder, and the CCR measured about 6 dB. 
The intermodulation rejection, IM3 measured about 

60 dB, and its value computed from equation (5.18b) is 
60.8 dB. z 


2) RECEIVER FREQUENCY OF 288.234 MHz 
Input Noise Matching for 50 {2 unbalanced source 


Optimal sensitivity was achieved with a value of 4.7 pF 
for 2C,_, for an unbalanced 50 source. The transformed 
resistance is 1.15 kQ, and the optimal simulated source 
resistance is around 1.1 kQ. In order to use a tuning 
capacitor in the range of 2.5-6pF, the value of L was 

35.5 nH. For an air core type with a Q of around 120, a 
22 NH inductance improved spurious rejection by 4 dB (at 
the expense of 0.4 dB loss in sensitivity) when compared 
with the air core inductance of 35.5 nH. For the 22 nH 
inductance, a 13.9 pF is required for resonance. A 

5-20 pF tuning capacitor was found suitable. 


Output Power Matching 


For maximum power gain, the largest inductance for L,, 
and L, was 27 nH each. The total of 54 nH was tuned by 
a 2.5-6 pF tuning capacitor, along with the additional 
parallel capacitance (about 2pF for LNA output and board 
Capacitance, and 1pF transformed capacitance). 
Maximum gain was attained when C, and 2C,,, were 

2.2 pF. 


With 15nH inductance for L, and L,, the spurious 
rejection improved by about 3 dB, and the sensitivity 
reduced by about 0.3 dB. A 3-10 pF tuning capacitor was 
appropriate for this choice of inductance. 


3) RECEIVER FREQUENCY OF 172.941 MHz 

Input Noise Matching for 50 (2 unbalanced source 
The optimal source resistance is between 1 kQ and 
1.3 kQ for a noise match, as shown in the simulations. 


C, of 4.1 pF transforms the 50 source resistance to 
1.05 kQ. This value of C,, (choice of 2C, fell among 
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practical values of 5.6, 6.8, 8.2 and 10 pF) gave the best 
receiver sensitivity when L was taken as 82 nH, with a Q 
of 65 at 173 MHz. 

This value of 82 nH was the largest that could be tuned 
outbya2.5-6pFC, . , in the circuit. 82 nH is tuned out 
by 10.3 pF. With about 4 pF for C,, and 3 pF for board 
and LNA input capacitance, a remaining of about 3.3 pF 
is provided by C, __, ,.- 
An air core coil of 43 nH, with a Q of 115 at 173 MHz, 
improved the spurious rejection by about 2.3 dB, while 
the sensitivity reduced by about 0.2 dB. The tuning 
capacitor was 5-20 pF, and had a Q that was less than 
the 2.5-6 pF capacitor. Also, when 2C,_ of 6.8 or 10 pF 
were used, the sensitivity reduced by about 0.3 dB. 


Output Power Matching 


peer is about 270 Q from the simulations. A value of 
3.9 pF for C, and 2C,,, gave an optimal transformation, 
when L, and L, 68 nH, with a Q of 65, were used. The 


tuning capacitance required was 2.5-6 pF. 


The spurious rejection improved by about 4 dB (at the 
expense of 0.5 dB reduction in sensitivity) when L, and 
L, were taken as 22 nH each (with Q of about 70). The 
value of 8.2 pF for C, and 2C,,, gave optimal gain. 


out 


MIXER & POST MIXER STAGES 


One of the outstanding features of the UAA2080 single- 
chip paging receiver is that the mixer and post mixer 
stages (i.e. IF filters, limiters and demodulator) are fully 
integrated, obviating the need for any external 
components or application circuits. Only a single resistor 
is required to set the upper cut-off frequency of the IF 
filter. This chapter therefore serves only to describe these 
sections in more detaii, without going into any application 
circuit design. 


6.1 MIXER 


The mixer in each of the | and the Q channels, is a 
double-balanced Gilbert Multiplier, as shown in Fig. 6.0. 
The emitters of the lower stage (grounded base) 
transistors comprise the differential RF input. Because of 
the common-base configuration of the RF input, the IP3 
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of the mixer is rather large. The Table 6.0 below gives the 
simulated noise figure, IP3 and power gain of the mixer 
(when it is fully switched). The output differential 
impedance of the mixer is 6.4 kQ, while the loading of the 
following IF filter is negligible. The conversion gain of the 
mixer is dependent on the LO drive level, as shown in 
Fig. 3.3. The phase-shifter in front of the mixer’s RF 
inputs, have a 3 dB attenuation. The combined mixer and 
phase shifter characteristics therefore differ by about 

3 dB from the values in Table 6.0. 


Frequency rP3 
[MHz] [dBm] 





Table 6.0 Simulated Mixer Characteristics 


The bases of the upper stage switching transistors must 
be biased at a DC voltage that would provide equal 
collector-emitter voltage for the upper and lower stages of 
the mixer, at the lowest supply voltage. This has been 
covered in Chapter 3, on the frequency multiplier. 


6.2 IF FILTER 


The collector load of the the mixer upper stage switching 
transistors, is a low pass RC filter that removes the RF 
signal. The differential output signal (in the audio band) of 
the mixer is amplified by a low noise audio amplifier to 
ensure that the noise of the following stages do not affect 
the overall noise figure. It is followed by an active low 
pass filter that reduces the levels of strong signals in the 
adjacent channel. This filter has a notch at 15 kHz. For 
channel spacing of 20 kHz or more, receiver’s adjacent 
channel performance is actually 
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Figure 6.0 UAA2080T Mixer (shown with pin numbers) 
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Figure 6.1 IF Filter Transfer Function (X-axis is frequency) 
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Figure 6.2 IF Filter Noise Figure (X-axis is frequency) 
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Figure 6.3 Measured Noise Floor at TPI and TPQ, for 470 MHz application determined by the onset of blocking and non 
linear effects in this high pass filter which precedes a gyrator filter. AC coupling between the active filter and the gyrator 


filter Keeps DC-offsets away from the gyrator filter. 


The programmable gyrator low pass filter serves to limit 
the noise bandwidth of the receiver, and thus to optimise 
receiver sensitivity. It implements the transfer function of 
a 7th order elliptic filter, with the upper (3 dB) cutoff 
frequency controlled by an off-chip resistor across pins 
15 and 16 of the UAA2080. Note that this single gyrator 
resistor, R2, controls the upper cutoff frequency for both 
the channels. The gyrator filter outputs are available 
through buffer amplifiers, at pins TPI and TPQ. The upper 
cutoff frequency of the gyrator filter varies linearly with 
the off-chip resistance, R2, as shown in Fig. 6.1. Note 
that the transfer function in Fig. 6.1 is for the entire IF 
filter. The larger the resistance R2, the smaller is the 
upper cutoff frequency. The notch at 15 kHz is 
independent of R2, as it is determined only by the active 
filter. There is negligible variation in the IF filter transfer 
function, in the temperature range -10 °C to +55 °C and 


not advisable to use R2 less than 39 kQ, because the 
pass band gain of the filter decreases, and the relative 
3 GB roll-off point remains nearly constant at 10 kHz. 





supply range 2.05 V to 3.5 V. Table 6.1 shows some Table 6.1 
measurements of the 3 dB upper cutoff frequency. It is 
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S/N Ratio 


The measured noise floor at the IF output (pins 1 and 2) 
is shown in Fig. 6.3 for a 470 MHz receiver, when R2 is 
47 kQ. The passband noise level is about 20 dB more 
than in the stopband, therefore the noise bandwidth of 
the receiver is solely determined by the JF passband. 
Knowledge of the noise bandwidth allows an approximate 
calculation of the receiver sensitivity. For example, the 
upper cutoff is about 9 KHz when R2 is 47 kQ. The RF 
input noise bandwidth is then approximately 18 KHz. The 
measured sensitivity at 470 MHz was -125.5 dBm (50 
source at room temperature) i.e. -12.5 dBuV (EMF), for 
80% CSR (call success rate) using a PCF5001T decoder. 
At room temperature (300 °K), the input noise floor is 
-60.82 dBuV/Hz (50 © source), thus producing a 

-18.3 dBuV noise source voltage in the 18 kHz passband. 
The S/N ratio at the RF input is therefore 5.8 dB 
(18.3-12.5). The measured noise floor at the IF output 
was 0.3 dBuV/Hz giving 39.8 dBuV noise voltage in the 9 
kHz band. The IF signal voltage measured 40.8 dBuV for 
-125.5 dBm RF input level (thus giving a voltage gain 

V JV, of 53.3 dB). The S/N ratio at the IF output is 
therefore 1dB (40.8-39.8), which gives a 4.8 dB (5.8-1) 
receiver noise figure. The limiter/demodulator 
combination is driven by the same IF signal that is 
available at pins 1 and 2. Therefore it may be concluded 
that the VAA2080T demodulator requires a signal quality 
of only 1dB S/N ratio at 1200 baud to give a 80% CSR, 
using the Philips PCF5001T decoder. Since the noise 
figures of the IF filter (shown in Fig. 6.2), mixer and 
phase-shifter, and the RF LNA, are known, the input 
signal level (receiver sensitivity) corresponding to 1 dB 
S/N ratio at the demodulator, can be calculated. 
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Figure 6.4 Signal Spectrum (250us rise/fall time) 
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Figure 6.5 Signal Spectrum (50us rise/fall time) 
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Signal Spectrum and Filter Cutoff Frequency 


The required upper cutoff frequency of the IF filter 
depends on the frequency drift (due to aging, and 
temperature changes) of the local oscillator, on the 
transmitter frequency offsets, and on the power 
bandwidth of the received signal (determined by 
frequency deviation and data rate, that are limited by the 
channel spacing which is 20 or 25 kHz in this application). 


Figure 6.4 shows the upper half power spectrum of the 
transmitted preamble signal (a mirror image of this 
spectrum lies below the carrier frequency). FM 
modulation (DC coupled) was used, with peak deviation 
of 4 kHz and carrier of 200 MHz. The edges of the 
modulating 1200 baud NRZ preamble data signal had a 
rise and fall time of 250 useconds. For the preamble 
(alternating 1 and 0 data sequence), the line spectra are 
at multiples of half the baud rate i.e at multiples of 

600 Hz, on either side of the carrier. If the data edges had 
zero rise/fall time, then the envelope of the line spectra 
follows the difference of two Sin(x)/x curves, one centered 
at f saniee 7 4 KHZ and the other at f _... + 4 kHz. The 
variable 'x' is xfT, with T = 1/baud, and fthe relative 
frequency (from f......7 4 KHz or f.... + 4 KHz). Since 
Sin(x)/x is maximum at x = O, therefore the line spectra 
peak at +/- 4 kHz from the carrier. Fig. 6.5 shows such a 
power spectrum (the rise/fall time was 50 us instead of 
zero, due to practical limitations). 


With 250 usecond rise/fall time, the power at frequencies 
outside [f oie 7 4 KHZ, f ooi¢ + 4 KHZ] is reduced, while the 
power within this interval is increased. If a sinusoidal 
signal of frequency f_, is used to frequency modulate the 
carrier with a peak deviation of Af, then the 99% power 
bandwidth is 2 - (Af + f_). For the ramped waveform of 
the above mentioned preamble, the power bandwidth is 
therefore more than 2 - (4 kHz +1200/2) i.e. more than 
9.2 kHz. This means that ihe IF cutoff frequency should 
be more than 4.6 kHz. 


The modulation index 'm' of the transmitted signal is 
defined as the total number of points at intervals of half bit 
rate (i.e. 600 Hz for 1200 baud), that are present in the 
power bandwiath. The IF filter upper cutoff should ideally 
be set to 0.5 m’*[bit rate/2]. However, due to the diffe- 
rence, f ....,, between the transmitted carrier frequency 
and the local oscillator frequency, the upper cutoff 
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frequency should be increased. The maximum value of 

F sisot (8 Of Course limited to Af, which is the peak 
frequency deviation. If f,,.., exceeds Af, then the 
demodulator will not be able to decode the data, since 
the transmitted frequency will not cross the receiver 
frequency during data transitions (1 to 0 or 0 to 1). 
Therefore, the upper cutoff frequency should not exceed 
0.5m*[bit rate/2] + Af under any circumstance. At a given 
F casor the peak IF frequency deviations are Af-f ,,,,., and 
AF +F ouse FOr the demodulator to detect a change in data, 
there must be at least a quarter cycle of the IF signal in 
the bit period. Equating Af-f,,,.., = [bit rate]/4, the 
maximum offset is therefore f..... = Af-[bit ratej/4 which is 
3.7 KHz for 1200 baud and 4 kHz deviations. 


Offset performance depends on the data (preamble or 
PRBS} and the rise/fall time of the data edges. For the 
1200 baud preamble with 250 us rise/fall time, the upper 
half power bandwidth extends till 6.85 kHz, as shown in 
Fig. 6.4. The best sensitivity was attained with R2 of 

62 kQ (i.e. the upper cutoff at about 6.9 kHz) when f_,,_.. 
was zero. With R2 of 47 kQ (i.e. cutoff at 9 kHz) the offset 
performance improved for f.,,., greater than 2.5 KHz. 
However, for a 50 us rise/fail time (spectrum shown in 
Fig. 6.5), here is no improvement in offset performance 
when the IF cutoff frequency is more than the optimal 
cutoff frequency of 6.9 kHz. 


Note that increasing the upper cutoff frequency beyond 
the nominal power bandwidth (to accommodate 
frequency offset fF ,,..,) unfortunately increases the 
receiver’s noise bandwidth, and thus decreases the 
receiver sensitivity, even though the offset performance 
may improve. The loss in sensitivity in dB varies as 
10*LOG(B), where B is the factor by which the bandwidth 
increases beyond its optimal value. The loss in 
sensitivity with f_..., iS given in table 6.2, for a 50 us 
rise/fall time. Note that in the absolute scale, the 
sensitivity with R2 of 47 kQ, is 10*LOG(9/6.9) = 1.1 dB 
worse than the optimal value (with R2 = 62 k). 
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Offset (kHz) 











Loss in 
Sensitivity 
(dB) R2=62kQ R2=47kQ 






Table 6.2 Sensitivity versus Offset for 50 us rise/fall 
time, 1200 baud and 4 kHz Af 


With 250 us rise/fall time, the loss in sensitivity varies as 
given in table 6.3. In the absolute scale, the sensitivity, 
with R2 of 47 kQ, is 0.5 dB worse (and not 1.1 dB as 
expected!). 


Offset Loss in Sensitivity (dB) 
R2=62kQ R2=47kQ | 






Table 6.3 Sensitivity versus Offset for 250 us rise/fall 
time, 1200 baud and 4 kHz Af 


6.3 LIMITER 


The limiter serves as a zero crossing detector, thus 
removing amplitude variations in the IF signal, while 
retaining only the phase information. It has 75 dB gain, 
an upper 3 dB roll-off at 17 KHz, and a lower 3 dB roll-in 
of 600 Hz. The limiter threshold level is -70 dBuV peak- 
peak. The limiter outputs are available at pins 

26 (channel Q) and 27 (channel I), when pin 25 (TS) is 
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pulled to Vcc. The limiter outputs are ideally suited to 
measure the I-Q phase difference, since its outputs are 
square waves with sharp edges. 


6.4 DEMODULATOR 


The demodulator of the UAA2080 is a phase detector 
that detects the relative (positive/negative) phase 
difference between the | and the Q channel signals that 
emerge from the limiters. Basically, for every edge 
(positive and negative) in the | channel limiter output, it 
samples the amplitude in the Q channel limiter output, 
and vice versa. The sampled amplitudes (polarity 
corrected) are fed to a schmitt trigger whose output is 
available at pin 27 (DO) as the data output. Therefore, 
the data output is updated 4 times per cycle of the IF 
signal. This also means that the maximum jitter duration 
in the data output is 1/(4*Af). For 4 kHz deviation, the 
peak jitter is 62.5 us i.e. 0.075 unit interval at 

1200 bauds. The mean jitter is half of this. These values 
are only valid for zero frequency offsets. With offsets, the 
peak jitter duration becomes [4(Af-f.,,..,)]'. The minimum 
pulse width possible at the demodulator output, is 5.5 us. 


When the phase difference between the i and Q channel 
is precisely 90°, a zero crossing in one channel occurs 
simultaneously with the peak (positive or negative) in the 
other (before the limiter), thus allowing the best noise 
margin at the limiterinputs. If the phase difference differs 
by 6 degrees from 90°, the instantaneous voltage level is 
the peak level multiplied by Cos@, when the zero crossing 
occurs in the other channel. The noise margin is 
therefore reduced, and it amounts to the same as 
reducing the level of the received signal while keeping 8 
at zero degrees. The relative sensitivity thus varies as 
20*LOG(Cos6), being maximum when 6 is zero i.e. the 
difference is precisely 90°. 
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_ 6.5 DIGITAL INTERFACE 
Output Select 


Pin 25 (TS) controls an internal multiplexer that 
multiplexes pins 26 and 27 as follows. 


feinzs | pin2e | pin 27 
BLI 


Data Output, 
HIGH (VP) Q-Limiter I-Limiter 
Output Output 


DO 
Table 6.4 Multiplexed Outputs 









Battery Low 
Indicator, 









Data / I-Limiter Output 


The data output, pin 27 (DO), is driven by a 20 uA current 
source/sink, with a5 kQ resistor in series with the pin. 
The voltage swing at this pin is about Vcc - 1 Volt. The 
rise/fall time of the data signal is 


Time (Rise or Fall) = (Vec-1)*C, /(20 x 10°). (6.1) 


C.oaq IS the capacitive load at pin 27. When using the 
Philips PCF5001T Decoder, no external load capacitance 
or series resistance is required on pin 27, or other the 
interface pins 26 and 28. With ordinary Bit Error Rate 
meters that do not provide digital data filtering, it is 
recommended to use aC,._, of 1 nF for 1200 baud. The 
rise/fall time is then about 75 us for a supply of 2.05 volts. 
C,..q sould be placed close to pin 27 of the UAA2080T. 
With an ordinary BER meter (e.g. HP3764A), there is 
more than 1 dB sensitivity improvement when C,__, is 
used. The data input to the BER meter was driven by a 
comparator whose threshold was set at half the 
UAA2080T supply voltage. 


Battery Low Indication / Q-Limiter Output 
The battery low indicator output, pin 26 (BL), is also 
driven by a 20 uA current source/sink, with a 5 kQ 


resistor in series with the pin. This pin is set HIGH when 
the battery voltage is less than 2.05 V. 
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Receiver Enable 


The internal 1.22 V band-gap reference voltage source is 
switched on when the receiver enable, pin 28 (RE) is 
pulled to Vcc, thus enabling the biasing of the entire chip. 
The receiver turn-on time (time from RE going high till the 
first valid data bit emerging on DO) depends on the 
oscillator build-up time. With the onboard crystal oscillator 
(using circuit and crystals as described in Chapter 2), the 
receiver enable time was measured to be less than 4 ms. 
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APPENDIX A) List of Components 


component | | ve 7 
romiz | zone | 173 










































































































































































R1 330Q 3300 330Q 
R2 47kQ 5 6kQ 56kQ 
R3 680Q 680Q 1. 5kQ(680Q) 
R4 1.2kQ 1.2kQ 2.2k02(1.2kQ) 
| RS 1.8kQ 1.8kQ 1.8kQ 
R6 5kQ pot. ~ 1002 pot. 
Cl 2.7pF 4.7pF 8.2pF 
C2 2.7pF 4.7pF 8 .2pF 
C3 2.5-6pF 3-10pF 5-20pF 
C4 inF nF inF 
C5 1nF lnF inF 
C6 2.5-6pF 3-10pF 5-20pF 
C7 2.7pF 3.9pF 8 .2pF 
C8 2.7pF 3.9pF 8 .2pF 
C9 2.7pF 3.9pF 8 .2pF 
C10 22pF 1LOpF LOpF 
C11 22pF 1LOpF 10pF 
C12 2.5~-6pF 3-10pF 5-20pF 
C13 1OWF tant. 10pF tant. 1LOuF tant. 
C14 inFk 1lnF lnF 
C15 3-10pF 9~40pF ~ (13-S50pF). 
C16 13-50pF 13~-50pF 13-50pF 
C17 15pF 15pF ~ 15pF 
C18 lnF lnF inF 
| C19 = - - 
C20 nF 1nF nF 
C21 inF inF lnF 
C22 _ 56pF Z27pF (82pF) 
Ll 12.5nH air core 35.5nH air core 43nH air core 
52 8nH 15nH 22nH 
L3 8nH 15nH 22nH 
L4 40nH 68nH 150nH 
L5 40nH 82nH 150nH 
L6 8nH 18nH 33nH 
L7 8nH 18nH 33nH 
L8 100nH 33nH Z27nH (68nH) 
L9 560nH 560nH 560nH 
CRYSTAL 78.325 MHz 48.039 MHz 57.647 MHz 


The values in brackets for the 173MHz circuit, are an alternative, that may give a slightly worse spurious rejection. 
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B) PRINTED CIRCUIT BOARD | en p a : L 4 PS 


Top Side (scale 2:1) 


Bottom Side (scale 2:1) 
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SUMMARY: 


The PCA5000T Paging Decoder has been designed to 
decode POCSAG-coded data and to organize and control 
pager operation for wide-area paging systems. It decodes 
the POCSAG data received from the paging receiver IC, 
synchronizes, error-corrects and formats the POCSAG 
data to provide audio tones and displayed messages. 
The Paging Decoder’s programmable internal RAM 
memory not only establishes the two user address codes 
for the individual pager but also determines the operating 
mode (alert-only or display pager) and the generation/ 
storage of audio tones to alert the user. To minimize 
current drain from the main battery, the Paging Decoder 
switches on the paging receiver IC for the minimum time 
according to the state of the synchronisation algorithm. 
The PCA5OO0T also provides battery low-level alert 
tones/indication, out-of-range indication and an internal 
voltage doubler to interface the Paging Decoder directly 
to a CMOS microcontroller. 


The PCA5000T is designed to operate in two 

configurations. Firstly, as an alert-only pager in 

combination with a paging receiver IC only. The alert-only 

pager uses pushbutton control and generates audio tone 

cadences with a 2 kHz bleeped. Secondly, in combination 

with a paging receiver IC and a microcontroller, to provide 

audio tone cadences plus message displays. : 
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1. INTRODUCTION 


The PCAS5000T Paging Decoder is a low-power decoder 
and pager controller specifically designed for use in 
radiopagers operating at a data bit rate of 512 bits/s. The 
PCA5000T decodes the CCIR Radiopaging Code No. 1 
(POCSAGcode), which is widely used’as a transmission 
code for wide-area paging systems. Used in conjunction 
with the Philips VAA2033T/UAA2050T Low Power Digital 
Paging Receivers, the PCA5OO0T offers an attractive 
miniature solution for alert-only and display pager 
applications. 


In the alert-only pager mode, the PCA5000T scans the 
three pushbutton switches, which are then used to switch 
the pager ON and OFF and to enable the SILENT state. 
When in the SILENT state, incoming calls are stored until 
the pager is switched to the ON state again. 


In the display pager mode, received calls and messages 
are transferred to an external microcontroller via the ICs 
serial communication interface. A built in voltage 
converter can double the supply voltage to increase the 
voltage level of the interface signals and thereby enable 
direct signal transfer between the Paging Decoder and 
the microcontroller. A 16.384 kHz reference frequency is 
also generated in the display pager mode, it can be used 
to drive a real-time clock in the microcontroller. 


Call alert cadences are generated when valid calls and 
messages are received, four different call alert cadences 
are possible. Status tone cadences are generated 
following a user status interrogation to indicate the 
present state of the Paging Decoder. Static on-chip RAM 
stores two Receiver Identification Codes (RICs) and six 
special function bits (SPFO1-06). The built-in ACCESS 
synchronisation algorithm is used to synchronize the 
decoding process to the POCSAG code format. 


The PCA5000T is fabricated in SACMOS technology to 
ensure low power consumption at low supply voltages. 
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The PCA5000T incorporates the following features: 


- operates over a wide DC supply voltage range 
(from 1.7 to 6.0 V) = 


- requires low DC supply current (typically 15 WA) 


- decodes POCSAG-coded data at 512 bits/s and can 
be adapted to decode data also at other data bit rates 


- incorporates powerful "ACCESS" synchronization 
algorithm 


- supports two user addresses 
- provides four different alert cadences 
- silent call storage 


- interfaces directly to UAA2033T or UAA2050T paging 
receiver ICs 


- directly drives a 2 kHz bleeper 


- controls paging receiver IC power consumption to 
minimize battery current 


- contains a non-volatile static RAM memory with 
back-up battery - 


- internal voltage converter 


- level shifted microcontroller interface signals in display 
pager mode 


- battery low level alert 
- out-of-range indication 


- contained in a 28-lead mini-pack (SO-28). 
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2. PAGING DECODER OPERATION 


This section describes the features and operation of the 
PCA5000T which are common to both alert-only and 
display pagers. Specific information relevant to one pager 
mode only is provided in Sections 3 and 4. 

A simplified block diagram of the decoder is shown in 

fig. 1. 


Filter Main Serlal Data Processor 
J Clock ; 
oe | Timing R Preamble/Synchronisation/Address Detectian 








Program Control [. |) Address/Gonfiguration Memary 





Fig. 1 Functional Blocks PCA5000T 
2.1 Decoder Status 


The PCA5OO0T has three internal states: ON, OFF and 
SILENT. A state is selected by pushbutton operation in 
the aiert-only mode or by static input signals in the 
display mode. 


The ON state is the normal operating state of the Paging 
Decoder. The PCA5000T controls the receiver enable 
output to switch the receiver on when needed and to 
receive POCSAG data, this serial data is subsequently 
processed by the PCA5000T. When a valid paging call is 
received, the PCA5000T generates the appropriate call 
alert cadences. 


In the OFF state the Paging Decoder disables the paging 
receiver IC and no data is processed. However, the 
crystal oscillator remains operating to ensure that status 
interrogation is maintained to detect a status change. 
Also, the 16.384 kHz reference frequency output signal 
remains active. 


In the SILENT state operation is the same as in the ON 
state except that only special silent override calls are 
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allowed to generate alert cadences. If, and only if, the 
Paging Decoder is programmed for the alert-only mode, 
up to four different calls are stored and alert cadences 
are generated when the ON state is re-selected. 


2.2 Data Reception 
2.2.1 Data Input 


The data input is fully asynchronous. The data bit rate 
corresponds to 1/64 of the crystal frequency. The nominal 
data bit rate is 512 bits/s when a 32.768 kHz crystal 
oscillator is used. The PCA5000T has been designed to 
basically operate at a data bit rate of 512 bits/s. 

The PCA5000T expects the input data to have positive 
logic polarity; a logic '1' corresponds to a HIGH level 
voltage input and a logic '0' corresponds to a LOW level 
voltage input. The input data may contain jitter and 
spikes, therefore, the data is first passed through a digital 
noise filter. The digital noise filter samples the input data 
at eight times the input data rate. The filtered input data is 
fed to the main serial data processor and is also used as 
a reference for the bit clock recovery circuit. 


2.2.2 Bit Clock Recovery 


An internal bit clock is recovered from the filtered input 
data, the bit clock is therefore synchronised to the input 
data and has a nominal frequency equal to the data bit 
rate, i.e. 512 Hz. 


The bit clock tries to sample each data bit at the center of 
the bit period. The clock recovery algorithm evaluates 
logic transitions in the data and adds or omits internal 
clock cycles to shift the sampling instant in fractions of 
1/8 of the bit period. Therefore, the time resolution is 
fixed to 1/8 of the bit duration (1/8 of 1/512 second) per 
data bit. 


The internal sampling clock is derived from the 

32.768 kHz crystal oscillator. The bit clock recovery 
mechanism compensates also for ageing and 
temperature drift of the crystal oscillator frequency within 
+/- 50 ppm deviation and is also effective if an external 
clock Is used. 
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2.2.3 Data Input Format (POCSAG Code) 


The PCA5000T decodes the received serial data 
according to the standards of the CCIR Radiopaging 
Code No.1 (POCSAG Code). The code format is 
independent of the data bit rate, however, with an 
oscillator frequency of 32.768 kHz the PCA5000T only 
decodes received data with a bit rate of 512 bits/s. 


The POCSAG-coded data starts with a preamble, which 
consists of bit reversals, 10101010...... , for at least 
576 bits, see fig. 2. 





(Pearle Bach? 7” bach@” Gahd + se 





Last Batch | 





10101....10101010 








| Synch|CW CW|CW CW)..... ‘CW CW 


| 
Frame 0 Frame 1 Frame7 | 








Addresscodeword Q| 18 bit address 





2 function bits 10CRC bits; P 








re] = 
Messagecodeword | { 20 bit message 





10 CRC bits | P 





Fig. 2 CCIR Radiopaging Code No. 1 (POCSAG Code) 


Normally, the preamble is used to enable the Paging 
Decoder to acquire bit synchronization and to prepare it 
for codeword synchronization. After the preamble, 
batches of codewords are transmitted according to the 
number of messages to be transmitted. Each batch 
consists of 17 codewords, each of 32 bit length. The first 
codeword of each batch is always a synchronization 
codeword, which synchronizes the Paging Decoder to the 
POCSAG code structure. 


The following 16 codewords are arranged as eight 
frames, each containing two codewords. These 
codewords are either address, message or idle 
codewords. Idle codewords are used to fill empty batches 
or to separate successive calls. 


The address codeword selects a specific pager and 
classifies a call as being tone only, numeric or 
alphanumeric. In the POCSAG system a pager user 
address (Receiver Identification Code, RIC) is defined by 
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a decimal number from 0 to 2,097,151 represented by a 
21-bit binary number. Bit 1 of an address codeword is 
always a logic ‘0’, bits 2 to 19 are the 18 mosi significant 
bits of the 21-bit RIC. The complete addressing is 
performed by coding the remaining three least significant 
address bits in the number of the frame, in which the 
address codeword is transmitted. Bits 20 and 21 of the 
address codeword are two function code bits which 
classify the call as tone only, numeric or alphanumeric. 
Bits 22 to 31 are the Cyclic Redundancy Check bits 
(CRC) based on (31,21)BCH-codes (Bose, Chandhuri, 
Hoquenghem). The polynomial used to generate 

the BCH codes Is: 


MO Ke KE Ke MP ERP eT 


Bit 32 is a parity check bit, to establish even parity for the 
address codewords. The redundancy introduced in the 
codewords can be used to increase the call success rate 
by error detection and correction in the Paging Decoder. 


Message codewords contain the information to be 
displayed when numeric or alphanumeric calls are 
transmitted. The message codewords are transmitted 
directly following an address codeword. Messages, which 
are too long for one message codeword, continue in the 
codeword positions of subsequent frames and batches 
until the complete message has been transmitted, see 
fig. 3. 
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Fig. 3 Message call overflowing into subsequent batches 


Bit 1 of a message codeword is always a logic '1' to 
distinguish it from an address codeword. Bits 2 to 21 
contain the information to be dispiayed, the coding of 
which is determined by the system provider or the 
authorities. Bits 22 to 31 are the CRC check bits, which 
again, together with the parity check bit, improve the 
message reliability. 
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2.2.4 Synchronization Strategy 


In order to receive and detect incoming calls the Paging 
Decoder must achieve synchronization with the POCSAG 
code structure. In the PCA5000T this is achieved by the 
Philips ACCESS algorithm, which is a state machine with 
five internal states. The state machine is.active only when 
the Paging Decoder is in the ON or SILENT states. The 
state of the algorithm also controls the paging receiver IC 
power switching algorithm to achieve fast synchronization 
with low power consumption both for good reception 
conditions as well as for fading RF signals. 


a) Power on, state 1. The power on state is entered 
when the pager is switched on or upon selection of 
either the ON or SILENT states. The paging receiver 
is enabled and, for up to three seconds, the 
PCAS5000T scans the input data for a preamble or 
synchronization codeword. If a preamble is detected 
the algorithm enters the preamble receive state, ifa 
synchronization codeword is detected the algorithm 
enters the data receive state. If neither is detected 
within the 3 second interval, the algorithm enters the 
carrier off state. 


oO 
— 


Preamble receive, state 2. The paging receiver 
remains switched on. The PCAS5OOOT checks the 
POCSAG data bit-by-bit for the preamble and 
synchronization codeword bit patterns. If neither 
preamble or synchronization codeword bit patterns 
are detected within 544 bits the algorithm enters the 
carrier off state. Preamble detection causes the 
Paging Decoder to remain in the preamble receive 
state, while synchronization codeword detection 
causes the Paging Decoder to enter the data receive 
state. 


Data receive, state 3. This is the normal data receive 
state, in which the Paging Decoder decodes received 
calls and messages. The Paging Decoder scans both 
the synchronization codeword position and the frame 
programmed by the user address in every batch. The 
codewords received in the frames are processed as 
described in Section 2.2.5. 

If the Paging Decoder fails to recognize a 
synchronization codeword, the algorithm enters the 
fade recovery state. Otherwise, the algorithm remains 
in the data receive state. If however, a preamble is 
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detected the algorithm enters the preamble receive 
state. 


Fade recovery, state 4. The Paging Decoder attempts 
to compensate for bit shifting which can occur due to 
fading of the RF signal. It checks for the preamble and 
synchronization codewords where the synchronization 
codeword is normally expected from the previous 
data. These checks are performed exactly at the 
normal expected synchronization codeword position 
but also one bit before and after the expected 
position. This is equivalent to a synchronization 
codeword sampling window with a one-bit margin on 
both sides of the expected synchronization codeword. 


When a preamble is detected the preamble receive 
state is entered. If a synchronization codeword is 
detected, the algorithm switches back to the data 
receive state. Otherwise the fade recovery state is 
maintained for 15 batches, after this, a timeout 
switches the Paging Decoder into the carrier off state. 


Carrier off, state 5. In the carrier off state, the 
PCA5000T scans the received data for a 32-bit block 
every 18 codewords, 18 codewords are equal to one 
complete batch plus one codeword. As each new bit is 
received, the algorithm checks for a preamble or a 
synchronization codeword on the most recently 
received 32 bits. Data processing is performed 
discontinuously, the most recent 32 bits of data 
consist of n bits taken from the current block and 

(32 - n) bits taken from the previous block (using a 
gated shift register). Therefore, the algorithm shifts a 
32-bit sampling window over every bit position to 
sample every bit position within the time of 17 
batches. The carrier off state is maintained until either 
a preamble is detected, whereupon the preamble 
receive state is entered, or when a synchronization 
codeword is detected, whereupon the data receive 
state is entered. 


2 


2.2.5 Call Reception 
2.2.5.1 Address Scanning and Detection 
Address scanning is performed only when the Paging 


Decoder is in the data receive state, described in Section 
2.2.4. Address scanning comprises the input of the two 
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codewords within the frame of each batch determined by 
the frame number programmed into the Paging Decoder 
RAM memory. Each of the received codewords is 
error-corrected and, if the result of error correction is a 
valid codeword and if it is an address codeword, then bits 
2 to 19 of the address codeword are compared with each 
of the 18-bit user addresses stored in the Paging 
Decoder RAM memory (see Section 2.2.3). If the 
comparison gives a true result, the Paging Decoder has 
detected a call. This causes the Paging Decoder: 


- to store the two function code bits (bits 20 and 21 of 
the address codeword) for correct cadence generation 


- to wait for message codewords which may follow 
directly after the address codeword 


- to initiate a message transfer via the microcontroller 
interface start command. 


2.2.5.2 Call Termination 


The PCA5000T is capable of handling message calls. 
The message codewords of a message call follow the 
address codeword directly and occupy codeword 
positions in the succeeding frames (i.e. N + 1, N + 2,...) 
and batches, see fig. 3. However, irrespective of the 
message call length, synchronization codewords are still 
received. 

When the PCASOOOT has received a valid address 
codeword it keeps the paging receiver enabled to receive 
subsequent codewords until one of the following call 
termination conditions is fulfilled: 


- the last received codeword is an address codeword 

- asynchronization codeword is not detected at the 
beginning of the current batch, i.e. the state 
mechanism has left the data receive state 


- anidle codeword is received 


- error correction is unable to regenerate the last 
received codeword. 


Termination of a call is signalled by the Paging Decoder 


by sending a stop command via the microcontroller 
interface. 
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2.2.6 Error Correction Algorithms 


As explained in Section 2.2.3, the POCSAG codewords 
contain CRC (redundancy) bits which can be used to 
increase the call success rate by performing error 
correction on the received codewords. In the PCA5000T 
four different error-correction algorithms are 
implemented: 


- preamble: a four-bit random error correction is 
performed when inputting preamble 


- synchronization codeword: the Paging Decoder can 
correct two randomly distributed bit errors within the 
32-bit synchronization codeword 


- address codeword: a four-bit burst error correction 
algorithm is applied to the address codewords. (Burst 
error means that the errors lay all within a field of the 
burst length, i.e. four bits in this case) 


- message codewords: a single bit error within one 
message codeword can be corrected by the Paging 
Decoder. If Special Programmed Function Bit SPFO3 
is a logic '1', the four-bit burst error correction 
algorithm is applied to the message codewords 
associated with RIC B. Function Codes (FC) 00 and 
11 (see Section 2.8.2). 


When the error correction facilities are considered it must 
be taken into account that increasing the number of bit 
errors that can be corrected also increases the false call 
rate. The false call rate has to do with calls that you 
recede but which were not originally addressed to you. 
This is a general problem of error correction using 
forward error correction codes and methods. 


2.2.7 Paging Receiver Power Control 


The bipolar paging receiver IC consumes the most power 
in a pager. Therefore, the paging receiver IC has to be 
switched off as often as possible to maximize battery 
economy, see fig. 4. The PCA5000T provides a paging 
receiver power control facility activated by the receiver 
enable output signal RE (pin 10) which is used to achieve 
a very low average paging receiver power consumption. 
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represents the receiver establishment time 


Fig. 3 Receiver power control 


The receiver enable output signal (RE) is set to a logic 
HIGH when the Paging Decoder requires data from the 
paging receiver. Since most of the paging receivers 
require some time to settle and to come into a stable 
operating state, the RE signal activates the paging 
receiver for a time equivalent to 16 bits before the data is 
actually required (31.25 ms at 512 bits/s). Paging 
receiver switching depends on the current state of the 
synchronization mechanism (refer to Section 2.2.4): 


power on, state 1: the paging receiver is always 
enabled 


preamble receive, state 2: the paging receiver is 
always enabled 


data receive, state 3: the paging receiver is enabled 
for the synchronization codeword and for the frame 
defined by the pager’s user address. The resulting 
duty cycle depends on the programmed frame 
number: 


d = 4/17 for frames 1,2, 3, 4, 5,6 

d = 7/34 for frames 0 and 7. 

fade recovery, state 4: the paging receiver is enabled 
only for the synchronization codeword enlarged by 


one bit on both sides; this results in a duty cycle of 
approximately 1/11 (50/544). 


1989-07-27/PCALH/VCO8903 





Pager Applications Handbook 


PCA5000T and PCAS5OOOAT Features and Applications 


carrier off, state 5: the paging receiver is enabled for 
the duration of one codeword (32 bits) every 18 
codewords; the resultant duty cycle is 3/32. 


The duty cycle values quoted above include the paging 
receiver establishment time. The average paging receiver 
duty cycle is determined by the reception conditions since 
the Paging Decoder may switch between states as the 
RF signal strength varies. ‘ 


2.3 Crystal Oscillator 


A 32.768 kHz crystal oscillator generates all the internal 
and external timing and drive signals. The crystal 
oscillator frequency is 64 times the data bit rate of the 
incoming POCSAG data. Crystal frequency deviations of 
up to about +/- 50 ppm due to aging or temperature drift 
are compensated for by the bit clock recovery 
mechanism described in Section 2.2.2. However, we 
recommend to use a crystal with no more than 

+/- 20 ppm tolerance. 


The crystal forms part of a two pin oscillator circuit, X1, 
pin 5, is the input and X2, pin 6, is the output of the 
internal invertor. A 4.7 MOhm resistor between X1 and X2 
closes the feedback loop while a capacitor (30 pF, typical) 
from X1 to VDD allows the crystal oscillator frequency to 
be trimmed. A variable capacitor may be used in this 
place in order to allow for trimming of the reference 
frequency output, see also fig. 5. 




















Fig. 5 PCASOOT Clock Drive Circuitry 
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Circuitry During programming X71 is the input for the 
program clock signal. In this case, X1 can be driven 
directly from a CMOS inverter output (e.g. 74HC04), 
normal crystal oscillator operation is then suspended. 
However, the other external components may remain 
connected to the Paging Decoder. The X1 signal input 
during programming must be within the.specified signal 
limits. 


2.4 Alerter Interface 


The PCAS5000T can drive either a 2 KHz magnetic or a 
piezoceramic alerter to generate the audible call alert 
cadences and status indication tones. The alerter drive 
frequency is set to 2048 Hz with a 32.768 kHz crystal 
oscillator, the alerter drive signal is a modulated 
squarewave. 


Two outputs from the PCA5OOOT are provided to drive 
the alerter: 


- Output AL (pin 11) for a low-level intensity alert 
cadence. In this case, a 680 Ohm resistor is 
connected between AL and the alerter, the other end 
of the alerter must be connected to VDD. AL can be 
considered as an open drain output. 


- Qutput QR (pin 8) for a high-level intensity alert 
cadence. QR is fed to an external transistor which 
drives the alerter at a high-level intensity. QR is not 
available when the vibrator option is used. Output QR 
can be considered to be a current source supplying a 
drive current to the base of the external transistor. 


Outputs AL and QR have inverse polarity with respect to 
each other, so that if QR is a logic HIGH then AL is a 
logic LOW, and vice versa. 


Figure 6 gives an example of the required external 
circuitry. 
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Fig. 6 PCA5000T Alerter Drive Configuration 
2.4.1 Alert Cadence Generation 


The Paging Decoder generates call alert cadences by 
sending a pulse modulated 2048 Hz squarewave to the 
alerter. The shape of the alert cadence (modulation 
pattern) is determined by the two function code bits of the 
address codeword (bits 20 and 21, as shown in Fig. 7). 
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Fig. 7 PCA5000T Alert Cadences 


Alert cadences are generated if the Paging Decoder is in 
the ON state and a valid call is received, or if the Paging 
Decoder is in the SILENT state and a silent override call 
is received, or if the Paging Decoder is programmed as 
an alert-only pager and it is switched from SILENT to ON 
and calls have been stored in the SILENT state. 
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Alert cadence generation does not commence before one 
of the call termination conditions is satisfied, see Section 
2.2.5.2. No alert cadences are generated in display pager 
mode (SPFO1 = 1) if SPFO2 is programmed to be a logic 
LOW and the call was not successfully terminated, i.e. 
the error correction algorithm failed to generate a valid 
codeword, see also table 1. " 


During the first four seconds !ow intensity alert cadences 
are generated by driving the AL output signal only. For 
the following 12 seconds the QR output is driven 
simultaneously to increase the alert cadence intensity. 
The high intensity alert cadences are not available if the 
vibrator option is in use. In this case, low intensity alert 
cadences continue for a further 12 seconds. Call alert 
cadences are automatically terminated after 16 seconds. 


2.4.2 Status Indication 


The Paging Decoder generates status indication tones as 
a result of user status interrogation, see Fig. 8. Status 
indication tones are generated always at low intensity, 
only the output AL is driven. 





ON state 


OFF state | —s i | 














Silent state 


Fig. 8 PCAS5OO0T Status lindication Tones 
2.5 Vibrator Interface 


A logic HIGH level on the QS input, pin 19, enables the 
vibrator logic and switches QR from the high intensity 
alert cadence output to the vibrator output. This disables 
the high intensity alert facility. 


The QR output is capable of driving an external transistor 
to switch a vibrator-type alerter. The QR output is 
normally a logic LOW. If the Paging Decoder is in the 
SILENT state with the vibrator option enabled, no alert 
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cadences are generated when calls are received. Instead 
the QR output is switched to a logic HIGH for the duration 
of a normal alert cadence (16 seconds) or until 
terminated by the user. Silent call storage. and silent 
override call facilities are disabled. 


2.6 Out Of Range Indication 


The PCAS000T provides a signal to indicate that the 
pager is not receiving any useful data, which means 
normally that it is out of the range of the transmitter. The 
output OR, pin 9, indicates an out-of-range condition. 
OR can drive an external transistor and is normally a 
logic LOW, refer to fig. 9. 














Fig. 9 PCA50007T Out of Range Indication 


The out-of-range condition is derived from the 
synchronization state machine: when the Paging Decoder 
is in the carrier off state, the out-of- range condition is 
satisfied and output OR is set to a logic HIGH for the 
duration of the synchronization scan period. The output 
OR is modulated with a 2048 Hz squarewave, the 
resulting duty cycle is approximately 1/36. 


Outputs OR and QR can be connected together to 
provide acoustic high-intensity out-of-range indication. 
However, diodes should be used to decouple the two 
outputs, if the resulting out-of-range indication during a 
high-level alert and vibrator activation is not desired. The 
out-of-range indication continues as long as the 
out-of-range condition is maintained, it cannot be 
terminated by the user. 
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2.6 Power Supply 


The PCAS5OD0T is designed to operate from two battery 
power supplies. The main battery supplies power to the 
Paging Decoder and its external circuits. The second 
battery, normally a lithium ceil, is used to retain the 
contents of the internal RAM memory when the main 
battery is disconnected from the Paging Decoder, for 
example during a main battery change. 


An RC filter in the main battery supply to the Paging 
Decoder ensures that voltage supply transients (ramp up 
and ramp down) are sufficiently damped. 


The second (back-up) battery is corinected between VD, 
pin 28, and VB, pin 1. The main battery supply voltage 
must not exceed the back-up battery voltage by more 
than 0.8 V due to an internal diode between VS and VB. 


The voltage supply input VS, pin 13, should not be left 
open-circuit when the main battery supply is 
disconnected. Instead, VS should be biased to 
approximately -0.9 V relative to VD to prevent the Paging 
Decoder from malfunctioning. This biassing is achieved 
by the 2.2 MOhm resistor between VB and VS. The 
recommended power supply connections are shown in 
mle Maa OP 
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Fig. 10 PCASOO00T Power Supply Scheme 

2.7 Battery Control Logic 

The PCASGOOT includes built-in battery low-level control 
logic which monitors the condition of the main battery. A 


logic signal representing the actual condition of the 
battery must be supplied to the battery low-level input BS, 
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pin 12. Alogic LOW level represents a good battery 
condition where as a logic HIGH level indicates that the 
main battery needs to be replaced. The Philips 
UAA2033T/UAA2050T integrated VHF/UHF digital 
paging receivers contain internal battery low-level 
detectors which provide an output signal to drive the BS 
input of the Paging Decoder directly. 

The PCA5000T samples the input battery low-level signal 
BS at the end of each synchronization scan period when 
the ON or SILENT states are selected. Each logic level 
sample is copied to the battery low-level output BL, pin 
15. As soon as four consecutive samples are a logic 
HIGH level a continuous high intensity alert tone is 
generated if the pager is programmed as an alert-only 
pager. This battery low-level alert tone is reset when the 
user operates one of the pushbuitons. After a reset the 
battery low-level control logic is disabled until re-enabled 
by selecting the OFF state. 


2.8 Programming 


The PCASOOOT uses its internal static CMOS RAM 
memory to store two 18-bit address codes A and B. the 
three common frame number bits (FRO-2) and the six 
programmable Special Function Bits (SPFO1-06), see 
Fig 11. 
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Fig. 11 PCA5000T RAM Organisation 


The RAM memory is organised as 5 words each of 9 bits. 
The lithium battery connected between VD and VB 
ensures data retention when the pager is disconnected 
from the main supply. A serial interface enables read and 
write access to the RAM memory and a special operating 
mode enables the RAM memory to be programmed and 
verified. 
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2.8.1 Receiver Identification Code Mapping 


Every user in a POCSAG paging system has a 21-bit 
Receiver Identification Code (RIC) which must be 
programmed into the Paging Decoder. The PCA5000T 
supports two RICs simultaneously, RIC A and RIC B, but 
in order to minimise battery power consumption both 
RICs must share the same frame number. Therefore, 
prior to programming, the two RICs are divided into two 
18-bit address codes with one common 3-bit frame 
number. The 18-bit address codes are programmed into 
the appropriate RAM memory address bit locations while 
the frame number is programmed into bits FRO-2. An 
example with RIC A = 2468 (Dec.) and 

RIC B = 12468 (Dec.) is shown in Fig. 12. 


RIC A: 2468 dec 
RIC B: 12468 dec 


| 


RIC A: SA4 hex 
RIC B: 30B4 hex 


| 
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RIC A: 000000000 100110100,100 
A08 | A0g At7|FRO FR2 
Word 0 Word 1 Frame 
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B08 |809 B171FRO FR2 
Word 2 Word 3 Frame 
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Fig. 12 Programming Example 





2.8.2 Special Programmed Function Bits (SPF01-06) 


In the PCA5O00T, six bits of the internal RAM memory 
are the Special Programmed Function Bits (SPFO1-06) 
which select the pager operating mode (alert-only or 
display pager) according to requirements, and allow the 
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choice of various options. Table 1 lists the bits SPFO1-06 
and their function. 


TABLE 1 

Special Programmed Function Bits 

bit level option 

SPFO1: 0 selects alert-only pager mode 

1 selects display pager mode 

SPFO2: O enables voltage converter, if SPFO1 = 1. 
Alert cadences are generated only for 
correctly received messages (applicable to 


FC = 00 and 11 only) 


1 disables voltage converter, if SPFO1 = 1. 
Alert cadence 1 is used also when FC = 11 


Note: SPFO2 is active only if SPFO1 = 1! 
SPFO3: O 1-bit error correction on message codewords 


1 4-bit burst error correction on message 
codewords for RIC B. FC = 00 or 11 


SPFO04: Not used, user programmable 


SPFO5: O silent override enabled on RIC B. FC = 01, 
10, if SPFO1 = 1 


1 silent override enabled on RIC B. FC = 00, 
11, if SPFO1 = 1 


SPFO6: O disable silent override on RIC A, FC = 10 
1 Enable silent override on RIC A, FC = 10. 
2.8.3 Program Timing 


As previously mentioned, a serial interface is used to 
write data into the RAM memory and to read the stored 
data. Input DI, pin 3, and output DO, pin 20, are the RAM 
memory input and output pins respectively. Input PR, pin 
2, selects the programming mode and the clock input X71, 
pin 5, serves as the shift clock input. The normal 
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32.768 kHz crystal oscillator operation is disabled in the \S ~t 
programming mode, however, the external components 


can be left connected to pins X1 and X2. DI \ aco (ao {ae (aoe Vacs ans (non aor a08 fos | 
To enter the programming mode, PR has to be a logic y4 | | al i Ciaelk  e 


HIGH level (i.e. connected to VD), during the power-on 





























time. To leave the programming mode, the main battery ee © i] 

supply is disconnected from VS. The back-up battery 

must remain connected to the PCA50OOOT to retain the : ——_ 4 — 
PR 


RAM memory data when the main battery is 


disconnected. RAM Program Operation 














During programming, inputs ON, OF, and SK (pins 18, 17 \S > a 
and 16) must not all be logic HIGH at the same time. In ~ 
the programming mode, the voltage converter and the PA | 7 | 





reference frequency output FL are disabled. No external 
voltage may be connected to VP when in the program- 
ming mode otherwise incorrect programming may result. 
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for the complete five data words in turn, starting with WR RAM Read (Verify) Operation 

bit 0, word 0. The programming mode should be left as , 

soon as the complete write or read sequence has been Fig. 13 PCA5000T Program Interface Timing 
performed. 


The timing of the program interface signals during a write 


and read operation is shown in Fig. 13. 








Controlier 





Receiver 





The exact timing specification is given in the data sheet 
for the PCA5000T Paging Decoder. However, it is 
possible to slow the timing down sufficiently so that the 
five data words can be manually input into the RAM 
memory. 






































2.8.4 Recommended Program Interface 


This section provides background information to program 
the PCAS5OOOT in a production environment and how to 
arrange the external circuitry to allow easy and quick 
programming. It is assumed that during production no 
main power supply is connected to the Paging Decoder ; | 
but that the back-up battery is connected. — PC74HC04 eh 8 

















The programming conirol inputs PR and WR have : | 
internal biassing resistors of a sufficiently low impedance 7 | —_ 

to render the inputs inactive even if the pins are 

open-circuit duringnormal operation, thus ensuring safe Fig. 14 PCAS5000T Program Interface & Connections 
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operation of the Paging Decoder. Therefore, normally no 
external biassing resistors are required on these inputs. 
Provide pads for probe connections to the following pins 
of the Paging Decoder: VS, VD, DI, DO, X1, PR, ON, OF, 
SK, VP and WR. Inputs DI, X1, PR and WR can be 
driven by a standard CMOS output, i.e. 74HC04; output 
DO can feed CMOS inputs. Ensure that the driver output 
voltages are compatible with the specified signal input 
range of the PCA5000T. 


The Paging Decoder is separated from the other circuitry 
of the pager by a diode, see Fig. 14. Pads VS and VD are 
connected to an external power supply, which is initially 
switched off. All the driver outputs have to be at a logic 
HIGH level. 

Perform the following sequence: 


a) connect the probe to the assembled printed-circuit 
board 


b) switch on the external voltage supply 


C 


“eu” 


wait for internal power-on reset duration 


d) perform the required write or read sequence 
according to the timing shown in Fig. 13 and as 
specified in the PCA5000T Paging Decoder data 
sheet 


e) set all driver outputs to a logic HIGH level 


f) switch off the power supply, remembering that the 
voltage transient has not to be too fast 


g) disconnect the probe from the printed-circuit board. 


If first a programming and then a verify operation are to 
be performed it is possible to go from step f) to step b) 
without disconnecting the probe. 


One possible pager and probe configuration with the 
relevant connections for programming is shown in 

Fig. 14. The probe has also to incorporate the required 
level shifting from 3 V to the specific logic level of the 
driver circuitry. It may also be necessary to use additional 
pads to test the paging receiver and the microcontroller. 
The supply voltage must never exceed the back-up battery 
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voltage by more than 0.8 V, however, both voltages 
should be approximately the same during programming. 


3. ALERT-ONLY PAGER APPLICATION 


The PCAS5000T supports an alert-only pager mode, 
selected by programming SPFOi1 to a logic LOW. In this 
mode no external microcontroller is required so that the 
complete alert-only pager consists of two ICs only, the 
PCAS5000T plus a paging receiver like our VAA2033T 
(VHF) or UAA2050T (UHF) Integrated Digital Paging 
Receivers, see fig. 15. 
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Fig. 15 Alert-Only Pager Functional Blocks 


The PCAS5000T performs the complete decoding, paging 
receiver control and user interface control functions. 


3.1 Switch Interface 


In the alert-only pager mode the PCA5000T accepts user 
inputs via a pushbutton interface. Three pushbutton-type 
switches are required, the three pushbuttons are 
connected between VD and the corresponding ON, OF 
and SK inputs (pins 18, 17, and 16). These inputs have 
internal pull-down resistors in the alert-only mode. 


The PCA5OO0T periodically scans the three inputs to 
detect pushbutton operation, pushbutton operation 
causes the Paging Decoder to react accordingly. When 
two or more pushbuttons are pressed simultaneously the 
Paging Decoder ignores the pushbutton inputs until all 
the pushbuttons are released. 


3.1.1 Status Selection 


Each of the three pushbuttons is related to one of the 
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three internal states of the Paging Decoder: the ON 
pushbutton relates to the ON state, the OF pushbutton 
relates to the OFF state and the SK pushbutton to the 
SILENT state. After power-on, the Paging Decoder is 
always in the ON state. A state is selected by pressing 
the appropriate pushbutton for at least 1.5 seconds. The 
Paging Decoder first indicates the current state and, after 
1.5 seconds, indicates selection of the new state by 
generating status indication tones. 


3.1.2 Status Interrogation 


Pressing any of the three pushbuttons ON, OFF or 
SILENT for a duration less than 1.5 seconds causes the 
decoder to generate status indication tones, refer to 
section 2.4.2. 


3.1.3 Alert Cadence and Battery Low Alarm 
Termination 


When any of the ON, OFF or SILENT pushbuttons is 
pressedforless than 1.5 seconds the Paging Decoder 
terminates the generation of call alert cadences, vibrator 
operation or battery low-level alarm tones. 


High-level intensity alert tones generated by activation of 
the alarm input Al, pin 14, can only be terminated by 
re-setting Al to its LOW-level inactive state. Input Al has 
an active internal pull-down resistor in the alert-only 
mode. 


3.2 SILENT State Operation 


The SILENT state is intended for users who do not wish 
to be disturbed by the alert cadences resulting from 
incoming calls. 


3.2.1 Silent Call Storage 


The PCA5000T includes silent call storage to record 
incoming calls when the pager is in the SILENT state. 
Silent call storage capacity is limited to four calls, calls 
received with the same function code are stored only 
once. The user is alerted to stored calls when the pager 
state is changed from SILENT to ON again. 

The stored calls are fed to the alerter starting with 
function code 00, irrespective of the order in which they 
were originally received. Silent override calls are not 
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stored in the silent call storage. 


Silent call storage is inhibited if the vibrator option is 
used. : 


3.2.2 Silent Override Feature 


The PCA5000T provides a silent override feature, which 
classifies the calls as urgent and allows them to override 
the SILENT state of the pager. The silent override feature 
is determined by the RIC and the function code of the 
address codeword received. When in the alert-only 
mode, all calls received with RIC B possess the silent 
override attribute, the special programmed function bit 
SPFO5 is irrelevant. In addition, silent override on RIC A, 
function code 10, is enabled by programming SPFO06 to a 
logic HIGH level. Silent override calls receded in the 
SILENT state cause the normal alert cadences to be 
generated. The silent override feature is not available if 
the vibrator option is in use. 


3.3 Feature Not Available In The Alert-Only Pager 
Mode 


The following features are not available if the PCA5000T 
is in the alert-only pager mode, i.e. when SPFO1 = 0: 


- the voltage converter is always disabled, VP must be 
connected to VS 


- the reference frequency output FL is disabled 


- no level shifting is provided for the microcontroller 
interface signals, since VP must be connected to VS 


- the ON, OF and SK inputs are configured to 
pushbutton interface, the static input configuration is 
not available 


- input PC is irrelevant and must be connected to VS 


- input Al should be connected to VS if it is not driven 
by additional external logic 


- alert cadences are always generated, no matter if the 
call was successfully terminated or not. 
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Fig. 16 PCA5000T Beep-Only Pager Application 
3.4 Circuit Diagram 


The circuit diagram of an alert-only pager using the 
PCAS5000T is shown in Fig. 16. Neither the program 
interface nor the external components of the paging 
receiver are shown for clarity. 


4. DISPLAY PAGER APPLICATION 


The PCA5000T in the display pager mode easily 
supports numeric and alphanumeric pager applications, 
see fig. 17 for a functional block diagram. The display 
pager mode is selected by programming the Special 
Programmed Function bit SPFO1 to a logic HIGH. 
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Fig. 17 Display Pager Functional Blocks 
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A serial microcontroller interface is provided for transfer 
of received calls and messages to an external 
microcontroller for postprocessing and generation of 
display information. 


4.1 Microcontroller Interface 
4.1.1 Status Selection 


In the display pager mode the state of the Paging 
Decoder is determined by the logic levels applied to the 
ON and SK inputs. In the display pager mode these are 
fully static inputs without internal biassing resistors. The 
logic to select the ON, OFF or SILENT states is shown in 
Table 2. 


TABLE 2 
display pager state logic 
input SK 


state input ON input 














LOW 
don’t care 
HIGH 


ON 
OFF 
SILENT 
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A status change is performed simply by applying new 
logic levels to the inputs ON and SK according to the 
logic levels shown in the logic table. A status change in 
the display pager mode does not automatically cause 
status indication tones to be generated. 


4.1.2 Status indication 


The Paging Decoder input OF, pin 17, is also a static 
input in the display pager mode and is normally a logic 
LOW. A positive-going pulse on input OF causes the 
Paging Decoder to generate status indication tones 
according to the currently selected status as long as no 
alert cadences or battery low-level alarm tones are being 
generated. 


4.1.3 Alert Cadence and Battery Low Alarm 
Termination 


If either alert cadence generation or battery low-level 
alarm is active, a positive-going pulse on input OF 
terminates the existing tone generation. No status 
indication tones are generated in this case. Tones caused 
by the activation of the alarm input Al, pin 14, are not 
terminated by pulsing the OF input. 


4.1.4 Alarm Input 


The PCASOOOT can generate high-level intensity alarm 
tones, alarm tone generation is activated by a logic HIGH 
level on the Al input, pin 14. Alarm tone generation takes 
precedence over all other tone generation and continues 
as long as Al is a logic HIGH level. Input Al may be 
pulsed to generate a modulated alarm tone output, a 
feature which can be used to create alert tone cadences 
other than those normally implemented in the Paging 
Decoder. The Al input has no internal biassing input in 
the display pager mode. 


4.1.5 Serial Microcontroller Interface 
The PCA50O0T incorporates a serial microcontroller 
interface to transfer call and message information from 


the Paging Decoder to the external microcontroller. 


Serial data is transferred bit-by-bit on output DO, pin 20, 
a bit is valid whenever the data strobe output DS, pin 22, 
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is a logic LOW. 

After a valid address codeword has been received the 
serial data transfer commences with a start command 
from the Paging Decoder to the microcontroller. The start 
command consists of eight bits (bit 0 is transmitted first) 
as shown in Table 3. 


TABLE 3 
start command format 
start bit logic level 


Bit Meaning 


0 always 0 
1 always 1 
2 SPFO03, as programmed 
3 SPFO6, as programmed 
4 SPFO05, as programmed 
5 0, call received for RICA 
1, call received for RIC B 
6 bit 20 of the received address codeword 


7 bit 21 of the received address codeword 


Bits 6 and 7 are the function code information which has 
been transmitted with the address codeword. 


After the start command the message information of the 
message codewords is transmitted over the serial micro- 
controller interface in the message word format. Each 
message word consists of 24 bits, the first four bits are 
logic HIGH while bits 4 to 23 contain bits 2 to 21 of the 
received message codewords. The message information 
transfer continues until one of the call termination 
conditions is fulfilled. The end of a message transfer is 
defined by the transmission of a stop command which 
has the eight bit format shown in Table 4. 
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TABLE 4 


stop command format 


stop bit logic level 


Bit Meaning 


0 always 0 
1 always 0 


2 0, unsuccessful termination (uncorrectable 
codeword received or synchronisation lost) 


1, successful termination (address or idle codeword 
detected) 


3 inverted copy of QS input 

4 SPF04 as programmed 

5 SPFO2 as programmed 

6 undefined 

ri undefined 

The end of a successful message transfer may also be 
indicated by sending a second start command word if the 
pager receives two successive calls. 

An example of a complete message transfer is shown in 


Fig. 18 with a seminary of the start and stop command 
word formats. 








Frame 5 Frame6 Frame 7 Frame Q Frame 4 
= 
gee Tal all w[m!M|sc[mtu[ MT ay A 
Data S M M M M M M M| iS 
Output T Wi TWh iwi iw WliWL iW] iP 
Stan Message Stop 
Command Words Command 


a) Message Output Format 
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Function Code 


b) Start Command Format 


Bit 0] Bit 1] Bit 27 Bit Stet tn ree 
1 1 , Message Codeword Bit 2 fo Bit 21 as received 
peep ede i Sa a Sok Ae ol os es 


c} Message Word Format 




















Bit O| Bit 1] Bit 2] Bit 3] Bit 4] Bit 5] Bit 6] Bit 7] 
i A a QS | SPF} SPF] Not | Not 
Input] 04 02 | Used| Used 


ST: Successful Termination 





d) Stop Command Format 


Fig. 18 Serial Communication on Microcontroller Interface 
4.1.6 Reference Frequency Output 


The PCA5000T generates a reference frequency signal 
on output FL, pin 23, when operating in the display pager 
mode. The FL signal is a 16.384 kHz squarewave to 
enable the microcontrolier to clock a timer or to drive a 
real-time clock. The reference frequency is derived 
directly from the crysta! oscillator of the Paging Decoder. 


The reference frequency FL is not generated when the 
Paging Decoder is in the programming mode. This 
feature can be used to check for proper entrance to the 
programming mode. 


4.1.7 Battery Low Level Output 


Each time the PCA5000T samples the battery sense 
input BS, the sampled logic value is output on the battery 
low output BL, pin 15. This output logic signal is intended 
to be fed to the external microcontroller to enable 
evaluation of the battery condition. In the display pager 
mode, the PCA5000T does not automatically generate 
battery low-level alarm tones; the microcontroller should 
use the Al input to signal to the user the battery is ina 
bad condition. 
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4.2 Voltage Doubler 


The PCAS5OOOT contains an internal voltage converter to 
provide doubled supply voltage to the external 
microcontroller and other external circuits (e.g. LCD 
drivers). To use the internal voltage converter a 220 nF 
capacitor is connected between pins CN.and CP, the 
Paging Decoder must be in the display pager mode 
(SPFO1 = '1') and Special Function Bit SPFO2 must be a 
logic LOW (SPFO2 = '0’). 


The output voltage on VP, pin 25, is then set to 
approximately twice the voltage on VS, pin 13, measured 
with respect to the common reference VD. 


The output impedance of the voltage doubler output VP is 
determined by the voltage converter control input PC, pin 
24. If PC is a logic HIGH the voltage doubler output has a 
high output impedance, if PC is a logic LOW the voltage 
doubler output has a low output impedance. 


When the voltage converter is selected the logic LOW 
voltage level for all the microcontroller inputs and outputs 
are shifted more negative, since VP is the LOW level 
reference voltage for the microcontroller’s input and 
output stages. This voltage level-shifting facility enables 
the PCA5000T to operate directly with CMOS 
microcontrollers using Vpr as the microcontroller’s supply 
voltage, see fig. 19. 


If the power supply requirements of the external circuitry 
exceed the drive capability of the internal voltage 
converter an external power supply can be connected. 
The internal voltage converter is guaranteed to provide a 
minimum output current of 150 WA, Vpr = -2.7 V, when 
VS = -2.0 V and PC = 0 (all voltages measured with 
respect to VD). If an external power supply is required, in 
most cases also a voltage converter, the pump capacitor 
is removed from pins CN and CP and the external power 
supply is connected directly to VP. The voltage 
level-shifting of the serial microcontroller interface signals 
is maintained. An example of the power supply 
connections using an external voltage converter is shown 
in Fig. 20. 


4.3 Silent Override Feature 


The silent override feature is also available in the display 
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Fig. 20 PCA5000T with external Voltage Converter 


pager mode. Calls and messages received with 
pre-defined addresses cause alert cadence generation 
even when the SILENT state has been selected. 

Silent override is enabled for calls with RIC B. function 
codes 01 and 10, if SPFO5 = 0. Silent override is enabled 
for calls with RIC B. function codes 00 and 11, 

if SPFO5 = 1. In addition, silent override is enabled with 
RIC A, function code 10, if SPFO6 = 1. 


Serial message transfer over the serial microcontroller 
interface, described in Section 4.1.5 will always occur, 
independent of the silent override feature as long as the 
Paging Decoder is not in the OFF state. Therefore, silent 
call storage is not required and is disabled in the display 
pager mode. 


4.4 Features Not Available In The Display Pager Mode 


The following featurés are not available if the PCA5000T 
is operated in the display pager mode: 


- silent call storage is disabled 
- battery low-level alarm tone generation is disabled 
- input Al has no internal biassing resistor 


- silent override on RIC B is determined by the function 
codes selected by SPFO5 


- inputs ON, OF and SK are in the static input mode 
without internal biassing resistors in the Paging 
Decoder. 


Note that the out-of-range output OR is not level-shifted 
but can still drive an external bipolar transistor. Additional 
hardware may be required to interface the signal OR with 
the microcontroller. 
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Fig. 19 PCAS5000T Display Pager Application 
4.5 Circuit Diagram 


The circuit diagram of a display pager with the 
PCA5000T in the display pager mode is shown in Fig. 19. 
The connections to the program interface and the 
external components of the paging receiver are not 
shown for clarity. 


5. OPERATING THE PCA5000T AT OTHER BAUD 
RATES 


The PCASO000T was originally designed to be used in 
paging systems operating at a data bit rate of 512 bit/s. 
Nevertheless, the Paging Decoder can also be used in 
POCSAG paging systems with a different baud rate by 
changing the crystal oscillator frequency. However, there 
are some differences and restrictions which have to be 
taken into account when the crystal oscillator frequency is 
changed. Consult your local Philips Sales Organization 
before operating the PCA5O00T at a different baud rate. 


This section describes how to adapt the PCASOOOT to 
1200 bit/s operation and the changes in the parameters 
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which will occur. Parameters not mentioned can be 
calculated by scaling the corresponding value for 
512 bit/s operation given in the PCA5000T data sheet. 


The nominal input data bit rate is determined by the 
crystal oscillator resonant frequency. The crystal 
oscillator frequency is always 64 times the input cata bit 
rate. Therefore, for 1200 bits/s a 76.8 kHz crystal 
oscillator is required. No other external components of 
the Paging Decoder need to be changed. The new timing 
values frequency parameters can be calculated by 
appropriately scaling the corresponding values given in 
the data sheet. In this case, 1200 bit/s and a 76.8 kHz 
crystal oscillator frequency gives a scaling factor of 
512/1200 = 0.427 for the timingvalues. Since an external 
programming clock is used to program and verify the 
RAM memory, the programming timing values are not 
changed. Neither are the transition times changed from 
the specified values given in the data sheet. 


For conversion from 512 bits/s to 1200 bit/s baud rate the 
following major changes must be observed by the 
designer: 
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- the paging receiver establishment time is reduced to 
13.3 ms, which has to be considered in the design of 
the receiver. This time is still sufficiently long for the 
UAA2033T and UAA2050T paging receivers 


- the status change delay in the alert-only mode (the 
minimum time that a pushbutton has to be pressed to 
effect a change of status) is reduced from 1.5 s to 
0.64 s; the status indication cadences are shortened 
as is the status alert period, which is now 26.7 ms 


- inthe display pager mode, the reference frequency 
output FL is 38.4 kHz, the data rate on the serial 
microcontroller interface increases from 512 bit/s to 
1200 bit/s and the minimum data strobe pulse width is 
reduced to 26 us 


the call alert cadence time of 16 s at 512 bit/s is 
reduced to 6.8 s at 1200 bit/s; the call alert cadence 
period is reduced from 1 s to 0.427 s 


- the frequency of the alerter drive outputs AL and QR 
increases from 2048 Hz to 4800 Hz 


- the internal voitage converter is clocked at 2.3 times 
the rate; this may lead to increased switching noise on 
the voltage supply rails 


- atthe higher clock frequency of 76.8 kHz, the typical 
supply current increases to approximately 50 LA 


- the synchronization strategy timing is determined by 
both the baud rate and the batch structure so that the 
synchronisation algorithm is clocked faster. 


From the differences and restrictions listed above it is 
most obvious that, besides using the PCA5000T at its 
original 512 bit/s data rate, a 1200 bit/s application in 
display pager mode is most attractive, since then, 
inconvenient changes in parameters can be corrected for 
by the microcontroller. 


6. PCB LAYOUT CONSIDERATIONS 
In general, ihe PCB layout for an application using the 


PCA5000T is not critical. However, in the design of a 
complete alert-only or display pager, the designer must 
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take into account that the Paging Decoder incorporates a 
crystal oscillator and digital clock signals which can 
generate harmonics. These harmonics can influence the 
input sensitivity of the paging receiver if the Paging 
Decoder is located too close to the paging receiver, 
especially near the antenna input circuitry. 


7. DEMONSTRATION SYSTEM 


A complete POCSAG paging demonsiration system 
comprising a receiver module with UAA2033T digital 
paging receiver, a decoder module with the PCA5000T 
paging decoder and a POCSAG codegenerator and 
program unit has been developed by the Philips 
Components Application Laboratory Hamburg, see 

fig. 21. This demonstration system is described in a 
separate report, see chapter 6; OM4718. 


A working alert-only pager can be made with the 
modules, the codegenerator in connection with an R.F. 
signal generator can be used to issue calls addressed to 
this pager. 


Antenna 








Test & Program Unit POCSAG-Decoder 


Fig. 21 POCSAG Paging Demonstration System, 
Overview of Modules 
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8. PCA5000AT DECODER 
8.1 Introduction 


The Philios POCSAG Decoder PCAS5OOOT has been 
improved, leading to the type PCAS000AT. 

The PCA50OO0AT is fully compatible with tae PCA50O0T. 
The PCAS5000AT mainly provides an improved synchroni- 
. zation behaviour. This note summarizes the 

- improvements made. The application examples shown in 
the data sheet PCA5000T are also valid for the 
PCAS5OOOAT. 
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8.2 Description of the improvements in the PCA5000AT 
8.2.1 Reset threshold voltage 


The reset threshold voltage has been reduced by 200 mV 
for the PCA5000AT. The nominal reset threshold voltage 
for the PCA5000AT is now - 1,4 V. 


8.2.2 Switching transistor between VP and VS 


The switching transistor between VP and VS, internal to 
the PCA5000T. has been omitted in the PCA5000AT. This 
transistor automatically short-circuits the VP and VS pin, 
if the PCA5OOOT is programmed for alert-only pager 
mode (SPF 01 = 0). 


The PCASOOOAT doesn’t provide this facility any longer. If 
this connection is required, the VP and VS pin have to be 
short-circuited externally to the PCA5000AT. This will 
normally be necessary for alert-only applications. 


Note: 

If the PCAS5OOOT is replaced by the PCAS5000AT, please 
make sure that the VP pin is referenced correctly in your 
application. If you don’t use any voltage converter or 
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voltage source to level shift the VP pin, VP has to be 
short-circuited with VS. 


8.2.3 Improved re-synchronization behaviour in Carrier 
Off mode 


The PCAS5OO0AT is able to achieve fast synchronization 
while operating in Carrier Off mode without the need for 
preamble input. The PCASOOOAT will synchronise to a 
POCSAG data stream within 17 batches in duration at 
the latest if a continuous data stream of at least 17 
complete batches is being received. 


8.2.4 Improved re-synchronization behaviour in Fade 
Recover,v mode 


The PCAS5OO0AT expands the synchronization test to 13 
tests per batch (PCA5000T: 3 tests), while operating in 
Fade Recovery mode. The tests for synchronization 
codeword reception are performed around the predicted 
synchronization codeword position. The PCASOO0AT will 
sample for synchronization codeword from -3 to +9bit 
around the predicted position, see fig. 22. The receiver 
enable duration is enlarged accordingly for the 
PCAS5OOOAT. 


ss 


Next Codeword 
23456789 





GUCCI 






| : Receiver Enable Output (RE) 


wf ad 


Synchronisation Codeword Checks PCA 5000 AT 


Fig. 22 Synchronization Codeword Scanning in Fade Recovery Mode PCAS000AT 
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9. PROBILITY OF LOST CALL AT PCA5000T/AT 
9.1 Introduction 


The PCA5000T and PCAS5OOOAT were originally 
designed to be powered from two batteries. Since more 
users are now applying a one battery concept, some 
precautions have to be taken to prevent lost calls, under 
certain "fresh-start-up" conditions. 


The following paragraphs are discribing the phenomena 
caused by the failure and gives some recommendations 
to cope with it. Emphasis is put on display pager 
application. Operation of the new POCSAG decoder 
PCF5001T isn’t affected and it may be used to replace 
the PCA5000T and PCASOOOAT. However, please note 
that the PCF5001T is not pin compatible and provides an 
improved microcontroller interface. 


9.2 Problem description 
After a master reset condition the decoder may be found 


to sample for address codewords within the wrong frame, 
according to table 5. 


programmed false scanning 
for in 
frame O frame O 
frame 1 frame 2 
frame 2 frame 4 
frame 3 frame 6 
frame 4 frame O 
frame 5 frame 2 
frame 6 frame 4 
frame 7 frame 6 
Table 5 


POCSAG 


TX 


BATCH 1 
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Consequently, the decoder doesn’t respond to any 
address codeword transmitted in the frame it has been 
programmed for. Instead of it responds to an address 
codeword in the sampled frame, if it matches with the 
programmed address. Moreover, the receiver enable 
timing at the RE output will be found to be modified. 
Normally found to go low after frame scanning, the RE 
output now remains high, under special conditions, to go 
low later on. Call reception within the occupied frames. 
others than the false or programmed frame, hasn’t been 
found to be possible. Figure 23 illustrates the receiver 
enable timing and the response to address codewords. 


For example. programmed for frame 2 the decoder may 
sample frame 4, refer to the first and second batch in 
figure 23. The decoder maintains this operation, as long 
as it detects message codewords during frame scanning. 
Once it detects an address codeword of any type (local 
address, foreign address or idle codeword), it recovers to 
lts normal operation. In other words, address word 
scanning occurs in the programmed frame and receiver 
enable timing is found to be correct, refer to the second 
and third batch in figure 23. 


As mentioned, the phenomena occurs after a master 
reset condition only. A master reset condition is detected 
by the decoder, when the main power supply (VD VS) is 
removed form the device. This may take place, because 
of battery replacement, switch off operation for power 
consumption reasons or programming the device. 
However, it should be remarked that the frequency of 
occurrence for the phenomena also depend on process 
parameters, temperature and the power supply concept 
(exactly, the voltage step during power-up operation). 


BATCH 2 BATCH 3 


FR2 FR 4 FR2 FR 4 FR2 FR 4 
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Figure 23 PCA5000 timing illustration during false scanning 
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9.3 Problem solution by application 


To overcome the problem, the application of the X1 input 
and the timing at the status inputs has to be modified. 
Goal is to provide a high level at the X1 input during 
master reset operation first. Secondly, to ensure proper 
decoder operation after master reset, the decoder status 
must be changed from OFF state to ON or SILENT state, 
while the crystal oscillator (X1/X2) is already running. 
Refer to figure 24 for an illustration. The second step may 
be delayed, as long as decoder operation isn’t required. 
Tests made to prove the effectiveness didn’t fail up to 
now. 


VD-VS wee t—C“( ‘SOS 





ON/OF/SK OFF SILENT 


Figure 24 Illustration of the timing modification 


Depending on the application of the decoder PCA5000T 
and PCA5OOOAT, the following application modifications 
can be used to overcome the failure. Emphasis is put on 
the display pager application. 


9.3.1 Probiem solution by hard- and software for 
display pager 


As illustrated in figure 24, the X1 input has to be high 
during master reset operation. Four components 
connected externally to the crystal oscillator may be used 
to ensure this. refer to figure 25. 


The circuitry is meant to detect the voltage slope during 
power-up, in order to force the X1 input high. Of course, 
the circuitry works the better, the larger and faster the 
voltage step is during power-up. The circuitry has been 
found to provide reliable operation, normally. After 
power-up operation, the microcontroller has to take care 
that the decoder is operating in OFF mode (ON input is 
low) and the status is changed to ON or SILENT, when 
decoder operation is required. If not applied already, this 
modification of the software is recommended. 
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Figure 25 Principle modification of the display pager 
application 


In the case the software can’t be modified or the ON input 
is not controlled by the microcontroller, a RC delay circuit 
may be used to provide a similar function, refer to 

figure 26. 
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Figure 26 Maintaining decoder OFF mode after power-up 
by a RC delay circuit 


9.3.2 Problem solution by software for display pager 


To overcome the decoder failure without any additional 
components is possible for applications, which allow 
controlling of the X1 input by the microcontroller. For 
example any application, which omits the Lithium back-up 
battery and provides a re-programming of the decoder 
device every time after power-up, is suited. Under this 
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circumstances it should be easy to modify the software. 
according to the requirements given in figure 24. 


A different method may be used, if the microcontroller 
provides any kind of reset signal during power-up. This 
signal may be used to force the X1 input high, for the 
desired time, by means of an additional diode (a schottky 
type is recommended). refer to figure 27 for the 
modification principle. 


PCA 5000 T 
PCA 5000 AT 


MICRO 
CONTROLLER 





Figure 27 Using a microcontroller ‘reset’ signal to 
overdrive X1 input 


9.4 Decoder problem and system specification 
Because the decoder failuré occurs after a master reset 


condition only, one may decide to run without any 
application modification. This is reasonable, if a master 


reset condition occurs very seldom. For example a pager, 


which maintains the power supply to the decoder 
PCA5000T or PCAS5OOOAT all the time, may encounter a 
decoder failure after battery replacement only. Obviously, 
this is meant to happen very seldom. 


Talking of off-site paging systems, comprising a large 
number of subscriber normally, one should remember 
that it is very unlikely that a call for the pager is 
transmitted within the false scanning batch. In other 
words, a lot of different calls are send, sometimes even 
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with call repetitions and several batches are transmitted 
normally, so it is very likely that the decoder recovers 
from the failure before it is paged. To run without any 
application modification may be reasonable, even if the 
pager is switched from off to on once per day and thereby 
encounters its functional failure for the very first batch. 


Serious problems are expected for on-site paging 
systems, comprising a very small number of subscriber 
normally. However, even under these circumstances one 
can run without an application modification, if he has 
influence on the subscriber address allocation and 
allocates all subscriber within the system in frame 0. 
Consequently, false scanning occurs in frame O and 
therefore doesn’t matter, refer to table 5. Moreover, 
allocation of all subscriber within framed saves 
transmitter time and thereby transmitter power 
consumption normally, if transmission is suspended after 
frame O. 
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Abstract 


The PCF5001T is a very low power POCSAG decoder 
and pager controller specifically designed for use in radio 
pagers. It supports data rates of 512 bps and 1200 bps 
and uses advanced EEPROM technology to store four 
user addresses (RICs) on chip. Used in conjunction with 
the UAA2033T or UAA2050T paging receiver circuits the 
PCF5001T offers an attractive, miniature solution for 
alert-only and display pager applications. 


This report describes PCF5001T circuit operation, its 
features and gives some application examples. 
1. Summary 


The PCF5001T paging decoder has been designed to 


decode POCSAG coded data and to organize and control 


pager operation forwide-area and on-site paging 


systems. It decodes the POCSAG data received from the 


paging receiver circuit at data rates of 512 bps and 
1200 bps. The decoder synchronizes a bit clock to the 
input data stream, performs batch synchronization, 
detects transmission errors and corrects received code 
words and performs address scanning to provide alert 
cadences, optical and mechanical indication and 
deformatted message information upon call reception. 
The internal EEPROM not only holds four programmable 
user addresses (RICs) but is also used to define the 
application environment and to select specific options. 
The EEPROM does not require any backup supply 


voltage. To maximize battery economy the receiver circuit 


is only switched on when data is actually needed 
depending on the state of the synchronization algorithm. 
Other features of the PCF5001T include low-level alert 
and status indication, out-of-range indication, duplicate 
call suppression and an internal voltage doubler to 
operate an external microcontroller and display devices 
at doubled supply voltage. 


The PCF5001T is designed to operate in two different 
configurations: The alert-only pager configuration 
requires just the receiver and the decoder circuits. In this 
case the complete user interface functions are already 
implemented in the decoder. This includes a three 
position slider switch interface for operating mode 
selection and a silent call storage. Alert cadences are 
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generated by direct driving of a bleeper device. In display 
pager configuration the decoder operates in combination 
with a microcontroller that performs display data 
processing and user interface handling. Received call 
information is passed to the microcontroller by using the 
serial microcontroller interface. 


This report first describes decoder operation in general 
and focuses on configuration specific properties of the 
PCF5001T in the following sections. Application 
examples conclude these sections. A demonstration 
system board using the PCF5001T is available for 
evaluation by the customers. 
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2. Introduction 


The PCF5001T is a very low power POCSAG decoder 
and pager controller specifically designed for use in new 
generation radio pagers. The architecture of the 
PCF5001T and its programmability allow for flexible 
application in alert-only as weil as in display pagers. 


The PCF5001Tdecodes the CCIR radio paging code 
No.1 (POCSAG Code) at data rates of 512 bit/s and 
1200 bit/s. Used in conjunction with the Philips 
UAA2038T (HF) or UAA2050T (UHF) low power digital 
paging receivers the PCF5001T offers an attractive 
miniature solution for alert-only and display pager 
applications. 


The PCF5001T employs advanced EEPROM technology 
to hold four receiver identification codes (RICs) and 32 
special programmed function bits (SPF0O1 - SPF32). The 
EEPROM technology eliminates the need for any 
external backup battery or additional storage devices. 


Upon detection of either of the four stored receiver 
identity codes the PCF5001T generates output signals 
suitable for driving a magnetic or piezoceramic bleeped, 
an L.E.D indicator and optionally also a vibrator type 
motor device. The decoder provides eight different alert 
cadences, which allow for easy call identification by the 
user for each of the four RICs. 


In the basic alert-only pager mode no external 
microcontroller is required. The decoder is designed to 
monitor a three position slider switch, which is used to 
select the operating state. The three operating states are 
On, Off and Silent. The Silent state is used to suspend 
alert cadence generation and to keep them in the silent 
call storage until the decoder is switched to On state 
again whereupon the stored calls are alerted again. 


In display pager mode, received calls and messages are 
transferred to an external microcontroller via the ICs 
serial communication interface. The PCF5001T supplies 
deformatted identity and message information together 
with error correction status and duplicate call suppression 
time out information. A built-in voltage converter can 
supply doubled supply voitage to the microcontroller and 
other additional circuits like LCD drivers, the interface 
signals are level shifted accordingly. 
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The PCF5001T is fabricated in SACMOS technology to 
ensure low power consumption at low supply voltages. 


3. List of Features 


The following is a list of features that are supported by 
the new decoder and pager controller circuit PCF5001T. 
Some of them are optional and described in more detail 
in later sections. 7 


wide operating supply voltage range (1.5 V to 6 V) 
extended temperature range 


very low supply current (60 UA typ. with 76.8 kHz 
crystal. 25 WA typ. with 32 kHz crystal) 


decodes CCIR Radiopaging Code No.1 
(POCSAG Code) 


programmable call termination conditions 


full support for 512 and 1200 bit/s data rates, other 
data rates up to 2400 bit/s possible 


improved ACCESS synchronization algorithm 
supports four RICs in two independent frames 
on-chip non-volatile EEPROM storage 

eight different call alert cadences 

directly drives magnetic or piezoceramic bleeper 


high level alert requires only a single external 
transistor 


optional vibrator type alerting 

optional visual call data indication 

alert on low battery 

out-of-range indication with programmable hold-off 


provides silent call storage. up to eight different calls 
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repeat alarm facility 

programmable duplicate call suppression 
interfaces directly to VAA2033T / UAA2050T digital 
paging receivers 

programmable receiver power control for battery 
economy 


serial microcontroller interface for display pager 
applications 


on-chip voltage converter with high drive capability 
level shifted microcontroller interface signals 
integrated user interface functions 

contained in a 28-lead mini-pack (SO-28). 


VS VD 


Digital Input 


Error Correction Control 


Voltage 
Converter 


Serial Data Processor 
| Decoder 
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The typical applications of the decoder include alert-only 
and message pagers, telemetry and data receivers. 


4. Paging Decoder Operation 


The PCF5001T supports alert-only and display pager 
applications. The decoder has to be programmed for the 
specific application by means of the special programmed 
function bits (SPF-bits). This section describes the 
features and operation of the PCF5001T, which are 
common to both. alert-only and display pager modes. 
Information relevant to one specific pager mode only is 
provided in sections 5 and 6. 


A simplified block diagram of the PCF5001T POCSAG 
decoder and pager controller is shown in fig. 1. 
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4.1 Decoder Status 


The PCF5001T has three internal states: On, Off and 
Silent. A specific state is selected by slider switch 
operation in alert-only mode or by writing the appropriate 
status signals to the decoder in the display mode. 


In the Off state the decoder keeps the paging receiver IC 
disabled and no data is processed. However, crystal 
oscillator operation is maintained to ensure that a status 
change can be detected and that status interrogation is 
possible. The decoder shall be put into Off state for either 
EEPROM write or verify operation. 


The On state is the normal operating state of the paging 
decoder. The PCF5001T controls the receiver enable 
output to switch the receiver circuit on when data is 
needed. Received data is subsequently processed by the 
decoder. When a valid paging call is detected, the 
PCF5001T generates the appropriate user alert output 
signals. 


The decoder Silent state lets the decoder operate as in 
On state except that incoming calls do not cause 
immediate call alert cadence generation. Instead, if 
programmed as alert-only pager, the decoder holds 
incoming calls in the silent call storage and generates the 
respective alert cadences after the decoder has been set 
to On state again. However, special silent override calls 
will cause generation of alert cadences, if enabled. 


4.2 Data Reception 
4.2.1 Data Input 


The data input is fully asynchronous. The input data rate 
is directly related to the crystal oscillator frequency. The 
PCF5001T was designed to support two basic data rates: 
512 bit/s and 1200 bit/s, but other data rates are also 
possible. 


The PCF5001T expects the input data to have positive 
logic polarity. A logic "1" corresponds to a HIGH level 
voltage input and a logic "O" corresponds to a LOW level 
voltage input. The input data may contain jitter and 
spikes. Therefore, the data coming from the receiver is 
first passed through a digital noise filter. The digital noise 
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filter samples the input data at eight times the data rate. 
The filtered input data is fed to the main serial data 
processor and is also used to serve as a reference for the 
bit clock recovery circuit. | 


4.2.2 Bit Clock Recovery 


From the filtered data input a sampling clock is derived. 
The bit clock is synchronized to the input data and has a 
nominal frequency equal to the input data rate, i.e. 

512 Hz or 1200 Hz, respectively. 


The bit clock is synchronized to the data such that it tries 
to sample each data bit at the centre of the bit period. 
The clock recovery circuit evaluates logic transitions in 
the data and adds or omits internal clock cycles to shift 
the sampling instant in fractions of the bit period. There is 
always only one shift per bit period possible. The clock 
recovery circuits supports fine and coarse resolution for 
bit clock synchronization. The resolution of the sampling 
instant shifts is 


- 1/8 of a bit period (coarse) in Carrier-Off and 
Power-up state, and 


- 1/32 of a bit period (fine) in Preamble-Receive, 
Data-Receive, Data-Fail and Fade-Recovery state. 


The internal sampling clock is based on the crystal 
oscillator reference. The bit clock recovery algorithm also 
compensates for absolute errors, ageing and temperature 
drift effects of the crystal oscillator frequency within a 
wide range and is also effective if an external clock 
source Is used. 


4.2.3 Data Input Format (POCSAG Code) 


The incoming data stream is processed by the 
PCF5001T according to the standards of the CCIR Radio 
Paging Code No.1 (POCSAG Code). The code format is 
independent of the data rate. Standard POCSAG based 
paging networks use 512 bit/s or 1200 bit/s data rates. 


The transmission is coded according to the following 
rules, see fig. 2. The transmission is started by sending a 
preamble, which is a sequence of at least 576 continually 
alternating bits (10101010...). The preamble is provided 
for easy bit clock recovery in the decoder. The preamble 
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precedes a number of batch blocks.There are as many 
batches transmitted as required by the amount of 
messages to be transmitted or as determined by the 
network operator. The transmission is terminated after 
the last batch. 


Each batch comprises a synchronization code word with 
a fixed 32 bit pattern and eight frames that are numbered 
0 to 7. The synchronization code word marks the 
beginning of a batch and is normally used to obtain word 
synchronization. 


A frame consists of two 32 bit code words. These code 
words can be either an address code word or a message 
code word or an idle code word. Idle code words are 
used to fill empty batches when there are no more 
messages or to separate calls. 


The address code word selects a specific pager out of 
the total pager population. An address code word is 
coded as shown in fig. 2. 18 bits of the 21 bit digital user 
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address (Receiver Identification Code, RIC) are coded in 
the code word itself (bits 2 to 19), which is protected 
against transmission errors by a number of check bits 
(bits 22 to 31). The remaining three bits of the RIC are 
coded in the frame number, in which the address code 
word is transmitted. The check bits are calculated using 
the (31,21) BCH code (Bose-Chaudhuri-Hocquenghem 
Cyclic Code). Bit 32 is a parity bit to establish even parity 
for the address code word. The check bits introduced in 
the code word can be used to increase the call success 
rate by error detection and correction in the paging 
decoder (Forward Error Correction). 


Message code words contain the information to be 
displayed when numeric or alphanumeric calls are 
transmitted. The message code words are transmitted 
directly following the address code word. Messages, 
which are too long to fit into one code word, continue in 
the code word positions of subsequent frames and 
batches until the complete message has been 
transmitted. However, the synchronization code word is 


| Preamble! Batch1 | Batch2  Batch3 : © © ¢ © | LastBatch | 
10101....10101010 
Synch | CW CW|CW CW)..... 1CW CW 











Address Code Word 


Message Code Word 


Fig.2 Structure of the POCSAG Code 
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still maintained at the beginning of each batch. Bits 2 to 
21 contain the information to be displayed, see fig. 2. 
Numeric messages are coded as nibbles of 4 bit, 
alphanumeric messages use a 7 bit ASCII code to carry 
the information. Message code words use the same error 
correcting code as address code words. 


4.2.4 Synchronization Strategy 


Synchronization to the POGSAG code structure is 
achieved in the PCF5001T by using the improved Philips 
ACCESS algorithm. The algorithm employs a state 
machine with six internal states. The state machine is 
active only in On and Silent state of the decoder. Prior to 
call data processing, the decoder has first to achieve bit 
synchronization and then word synchronization. 


Power-on State: This state is entered by switching the 
decoder from Off to On or Silent state. Following the 
start-up alert period the PCF5001T keeps the paging 
receiver enabled for a period of up to 3 batches in 
duration. The decoder tests incoming data for preamble 
and synchronization code word pattern. If a preamble is 
detected the algorithm enters the preamble receive state. 
lf a synchronization code word is found the algorithm 
enters the data receive state. If neither is detected within 
the three batch interval, the algorithm enters the 
carrier-off state. 


Preamble Receive State: The decoder keeps the paging 
receiver enabled for the duration of preamble input. The 
PCF5001T checks received data bit-by-bit for preamble 
and synchronization pattern. Preamble detection causes 
the decoder to remain in the preamble receive state, 
while synchronization code word detection causes the 
decoder to enter the data receive state. Failure to detect 
preamble for a period equal to one batch in duration 
results in switching to the carrier-off state. 


Data Receive State: This is the normal synchronized 
state of the decoder, in which the PCF5001T can detect 
and receive cells. In every incoming batch, the decoder 
scans the synchronization code word position and the 
code words in the programmed frames. The code words 
received in the frame position are processed as 
described in section 4.2.5.1. 


The PCF5001T maintains the data receive state until it 
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fails to recognize the synchronization code word at the 
beginning of a batch, whereupon the algorithm switches 
to the data fail state. The test for synchronization code 
word is performed on the 32 bits received at exactly the 
expected synchronization code word position. 


Data Fail State: In the data fail state the PCF5001T 
continues data reception as if in data receive state for the 
duration of a single batch including the next - 
synchronization code word position. Call reception and 
processing is performed as in data receive state except 
that the conditions for call termination are modified. 


At the expected synchronization code word position a test 
for synchronization code word and preamble is carried 
out. If preamble pattern is detected, the algorithm 
switches to the preamble receive state. If synchronization 
code word is recognised, the state machine goes back to 
the data receive state. If neither preamble nor 
synchronization code word pattern is found, the algorithm 
selects the fade recovery state and stops call data 
processing. 


Fade Recovery State: In this state the decoder tries to 
compensate a small bit shift,which may happen due to 
noisy input signals or fading radio signals. This is 
achieved by testing not only the 32 bits at exactly the 
synchronization code word position for preamble and 
synchronization code word pattern. Instead, the decoder 
performs these tests bit-by-bit starting eight bits earlier 
and finishing eight bits later than the expected code word 
position (17 tests in total). This is equivalent to a 
sampling window with an eight bit margin on both sides of 
the original code word position. 


Preamble detection causes switching to the preamble 
receive state, detection of synchronization code word 
results in change to the data receive state. The 
PCF5001T remains in this mode for 15 batches. After 
time out of 15 batches the algorithm switches to the 
carrier-off state. 


Carrier-Off State: This is the power saving state, in 
which the decoder monitors the data from the receiver to 
detect a valid data stream. In the carrier-off state, the 
PCF5001T scans the received data taking a 32 bit block 
of data every 18 code words. As each new bit is received, 
the algorithm checks for preamble and synchronization 
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code word pattern on the most recently received 32 bits. 
These 32 most recently received bits consist of n bits 
taken from the current block of data and (32 - n) bits 
taken from the previous block. Therefore the algorithm 
shifts a 32 bit sampling window over every bit position of 
a batch within the time of 17 batches. Tests are carried 
out for preamble and synchronization code word pattern. 
Detection of preamble causes selection of the preambie 
receive state, the data receive state is entered upon 
detection of the synchronization code word. 


Using this technique, resynchronization is obtained within 
a continuous data stream of at least 18 batches without 
preamble transmission. 


4.2.5 Call Reception 
4.2.5.1 Address Scanning and Detection 


The PCF5001T supports four user addresses RIC A, B, C 
and D. RIC A and B reside in the frame defined by frame 
bits FR10-12 while RIC C and D reside in the frame 
defined by frame bits FR20-22. Call data processing is 
performed while the decoder is in data receive or data fail 
state, see section 4.2.4. Address scanning comprises the 
input of the two code words within either of the two 
programmed address frames defined by the respective 
frame bits. Each of the received code words is 
error-corrected. If the result is a valid address code word, 
then bits 2 to 19 of the code word are compared with 
each of the four sets of address bits stored in the decoder 
EEPROM. A call is successfully detected, if 


- all 18 bits of one set match with the received address 
bits, and 


- this set is enabled, and 


- the programmed frame number of this set matches 
with the actual frame number. 


Upon successful call detection, the decoder performs the 
following actions: 


- Seta store for call alert cadence generation according 
to the combination of the function bits in the accepted 
address code word. The call alert cadence will not be 
generated before the call has been terminated and 
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data output has been completed. 


- Keep the receiver enable output (RE) active and 
receive possibly subsequent message code words, 
until any of the call termination criteria is fullfilled, see 
section 4.2.5.2. 


- Trigger the serial message transfer on the serial 
microcontroller interface by generating a start 
condition and sending an address word. Message 
code words, as attached to the address code word, 
are deformated and transfered via the microcontroller 
interface to an external microcontroller. 


4.2.5.2 Call Termination 


The PCF5001T is capable of handling message calls. 
The message code words of a message call directly 
follow the address code word and occupy code word 
positions in subsequent frames and batches. However, 
processing of synchronization code words at the 
beginning of each batch is maintained. 


Upon a successful call detection, the decoder keeps the 
paging receiver enabled to receive subsequent 
codewords until one of the following call termination 
criteria is fulfilled. The PCF5001T supports three different 
methods of call termination with respect to call 
termination following reception of uncorrectable code 
words. The method is selected by appropriate setting of 
SPF bits, see section 4.10.2. 


a) Method 1: 
The call is terminated, if 


- any valid address code word (including Idle) is 
received, or 


- error correction is unable to correct the last received 
code word, or 


- synchronization code word could not be detected at 
the beginning of the batch in data fail state. 
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b) Method 2: 
The call is terminated, if 


- any valid address code word (including Idle) is 
received, or 

- error correction is unable to correct the two lost 
received code words, or 


- synchronization code word could not be detected at 
the beginning of the batch in data fail state. 


c) Method 3 (Combination Method): 
The call is terminated, if 


- any valid address code word (including Idle) is 
received, or 


- error correction is unable to correct the two last 
received code words, or 


- error correction is unable to correct the code word 
directly following the starting address code word, or 


- synchronization code word could not be detected at 
the beginning of the batch in data fail state. 


Call termination is indicated by sending a termination 
word via the serial microcontroller interface and by 
generating a stop condition. 


4.2.6 Error Correction Algorithms 


As was explained in section 4.2.3, the POCSAG address 
and message code words contain redundant bits, which 
can be used to increase the call success rate by applying 
error correction techniques to the received code words. 
Preamble and synchronization code word patterns may 
be recognized by using correlation techniques. The 
PCF5001T was designed to handle the following errors, 
depending on the type of the code word: 


a) Preamble: A four bit random error correction is 
performed when inputting preamble. 
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b) Synchronization Code Word: Up to two errors 
randomly distributed within the 32 bit synchronization 
code word can be corrected by the decoder. 


c) Address Code Words: A 4 bit burst error correction 
algorithm is applied to received address code words. 


d) Message Code Words: A single bit error can be 
corrected in received message code words. 


The error correction capabillities of the PCF5001T 
decoder circuit hove been optimized to give a high call 
success rate while keeping the false call rate low. The 
false call rate is related to calls that are received but 
which were not originally addressed to this pager. This is 
a general problem of forward error correction methods. 


4.2.7 Paging Receiver Power Control 


The bipolar paging receiver circuit consumes the most 
power in a pager. Therefore, the paging receiver IC has 
to be switched off as often as possible to maximize 
battery economy, see fig. 3. 


4.2.7.1 Receiver Establishment Time Selection 


The receiver power control algorithm activates the RF 
receiver circuit only when data is actually needed by the 
decoder. This information is taken from the 
synchronization state machine and the internal timing unit 
Normally, a receiver circuit will require some time to settle 
and stabilize before it can produce valid data output. This 
is taken into account in the PCF5001T by activating the 
receiver power control output the receiver establishment 
time earlier before the actual data input takes place. 


The receiver establishment time is programmable to 
allow for adaptation to the specific receiver circuit design 
requirements. Depending on the data rate in use, the 
receiver establishment time can vary between 4 and 

32 bit in duration with 512 bits operation and between 8 
and 64 bit in duration with 1200 bit/s operation, 

see section 4.10.2. 
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E represents the receiver establishment time 


Fig. 3 Receiver power control in data receive state 


4.2.7.2 Duty Cycle Computation 


The algorithm used to control the receiver power control 
output is driven by the synchronization state machine and 
the internal timing unit. Therefore, the duty cycle must be 
calculated separately for every state of the 
synchronization state machine. 


The resulting duty cycle figures are as follows. 


Power-On State: the paging receiver is always 
enabled 


Preamble Receive State: the paging receiver is 
always enabled 


Data Receive State: the paging receiver is enabled for 
the synchronization code word and for the frames 
defined by the programmed RICs. The resulting duty 
cycle depends on the programmed frame numbers. 
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d = (96 +t.) /544, 

for single frame programmed for 0 or 7 

d = (96 + 2 t,,) / 544, 

for single frame not programmed for 0 or 7 

d= (160 +t.) / 544, 

for two frames concatenated to the synchronization 
code word position 

d= (160+ 2t.,) /544, 

for two frames, where either one frame is 
concatenated to the synchronization code word or the 
two frames are concatenated d = (160 + 3t,,) / 544, 
for two frames, which are not concatenated to either 
themselves or the synchronization code word position 
Parameter t,,, is the receiver establishment time, see 
section 4.10.2. 


Data Fail State: as data receive state 
Fade Recovery State: the paging receiver is enabled 


only for the synchronization code word position 
enlarged by eight bit on both sides. This results in a 
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duty cycle of 

d= (48 +t...) / 544. 

Parameter t,, is the receiver establishment time taken 
in bit see section 4.10.2. 


- Carrier-Off State: the paging receiver is enabled for 
the duration of one code word (32 bit) every 18 code 
words. The resulting duty cycle is 
d = (32 +t.) /544. 

Parameter t,,, is the receiver establishment time, see 
section 4.10.2. 


The average paging receiver duty cycle is determined by 
the radio channel conditions and the signal strength since 
the decoder may switch between states as the data bit 
error rate varies. The average receiver duty cycle 
depends also on paging network parameters such as 
paging timeslot duration, preamble duration and 
transmitter cycle time. 
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Fig. 4 Alert-only pager application circuit diagram 
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4.3 Crystal Oscillator 


A crystal oscillator circuit generates all the internal and 
external timing and drive signals. The PCF5001T was 
designed to basically operate with 76.800 kHz and 
32.768 kHz crystal frequencies. A data rate of 1200 bit/s 
is possible with a 76.8 kHz crystal only, see section 
4.10.2. Adata rate of 2400 bit/s is possible if an external 
clock generator of 156.6 kHz is connected to X1 input. In 
this case the minimum supply voltage is restricted to 

1.8 V. 


The crystal oscillator frequency is a fixed multiple of the 
data bit rate of the incoming POCSAG data. This can be 
used to adapt the decoder to non-standard data rates. 
Crystal frequency deviations in excess of + 100 ppm are 
compensated for by the bit clock recovery circuit 
described in section 4.2.2. However, it is recommended 
to use crystals with no more than + 50 ppm tolerance to 
obtain best decoding results. : 
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The crystal forms part of a two pin oscillator circuit, X1, 
pin 9, is the input and X2, pin 10, is the output of the 


internal inverter. A 4.7 MOhm resistor between X1 and X2 
closes the feedback loop while a capacitor (10 pf typical) 


from X1 to VD, pin 4, allows the crystal frequency to be 
trimmed. A variable capacitor may be used in this place 
to allow for trimming of the reference frequency output 
frequency, see fig. 4 and 5. 


The crystal oscillator must operate for programming and 
verifying of the EEPROM contents. However, an external 


clock source may be connected to X1 to override the 
original crystal oscillator frequency. 


4.4 Alerter Interface 


The PCF5001T can drive a magnetic or piezoceramic 


alerter to generate acoustical alert tones. Alert tones are 


used to indicate different events and conditions to the 





32768Hz 
or 






RECEIVER 
UAA2050T/ 
UAA2080 


Data Output 


Rx Control 
©) 


wntenna 
Bat. Low Ind. 


Vir 


Fig.5 Display pager application circuit diagram 
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user. The alerter drive frequency is programmable 
2048 Hz or 2731 Hz, the alerter drive signal is a 
squarewave modulated with the appropriate alert pattern. 


The PCF5001T provides two outputs to drive the alerter: 


output AL (pin 15) is provided for low intensity alert. 
A resistor 560 Ohm is connected between AL and the 
alerter to give a suitable attenuation. The other end of 
the alerter must be connected to VDD, see fig. 4 and 
5. Output AL is designed mainly as an open drain 
output. 

output AH (pin 12) is provided for high intensity alert. 
AH is connected to the base of an external bipolar 
transistor, which drives the alerter at high intensity, 
see fig. 4 and 5. Output AH is designed mainly as a 
current source. 


Output AH has opposite polarity with respect to output 
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AL, so that if AL is at logic LOW then AH is at logic HIGH, 
and vice versa. 


4.4.1 Alert Cadence Generation 


The PCF5001T decoder generates call alert cadences by 
sending a pulse modulated squarewave signal to the 
alerter. The shape of the alert cadence (modulation 
pattern) is determined by the two function code bits of the 
address code word (bit 20 and 21, see fig. 2) and the 
respective RIC, refer to fig. 6. Calls received under RiC A 
and C are alerted using the normal alert cadence while 
calls received under RIC B and D result in a warbled alert 
cadence. 


During the first four seconds low intense alert cadences 
are generated by driving the AL output only. For the 
following 12 seconds the AH output is also driven to 
increase the alert intensity to high level. Call alert 
cadences are automatically terminated after 16 seconds. 
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The alert cadences are generated after one of the call 
termination criteria has been fulfilled. However, alert 
cadence generation will not commence before the 
completion of a delay of about 52 ms after the termination 
word has been sent via the serial microcontroller 
interface. This delay may be used by the microcontroller 
to cancel alert cadence generation. 


4.4.2 Status Indication 


The decoder PCF5001T generates status indication 
tones as a result of user status interrogation. The status 
indication tones are generated at low intensity, only 
output AL is driven. The corresponding modulation 
patterns are shown in fig. 7. 


4.4.3 Repeat Alert Indication 


The decoder generates a repeat alert cadence for calls 
that have not been terminated by the user, if enabled by 
programming of the associated SPF bit. The repeat alert 
cadence is generated at high intensity. 


cadence | 
{(FC=00) 


a 


cadence 2 
(FC=01) neces 


cadence 3 ees 
(FC=10) 


cadence 4 Eee 
(FC=11) | 


Note: Cadences for calls received under RIC B or D have additional warble modulation 


Fig. 6 Alert cadences of the PCF5001T 
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4.4.4 Battery- Low Indication 


A continuous high intensity battery low alert tone is 
generated whenever the battery low condition is detected 
by the battery low detection logic. Battery low alert is not 
repeated, see also section 6.8. The battery low alert tone 
is automatically terminated after a time out of 

16 seconds. 


4.4.5 Alarm Input 


A logic HIGH level on input Al (pin 23) of the decoder with 
interface enable input IE active causes generation of a 
continuous high intensity alert tone on outputs AL and 
AH. Pulsing the input signal may be used to modulate the 
alert tone and to create proprietary alert cadences. 


4.5 Vibrator Interface 


The PCF5001T can drive a vibratortype motor using a 
bipolar transistor when the vibrator function is enabled by 
programming the appropriate SPF bit, see fig.4 and 5. 
The vibrator output OM, pin 16, is activated when the 
decoder is in Silent state and calls are received. 

In this case output OM switches to a static logic HIGH 


~ {}— 
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output for the duration of the normal alert cadence 

(16 seconds) or until terminated by the user. 

Silent override calls are not alerted by the vibrator. The 
vibrator output is inactive while operating in On state. 


4.6 L.E.D Interface 


An LED indicator is used to provide quiet alert for call 
alert, repeat alert, out-of-range indication, alarm output, 
call data output (optional, see section 4.11) and start-up 
alert. Output OL, pin 13, can drive the base of an external 
bipolar transistor, which in turn switches the LED, 

see fig. 4 and 5. Output OL is set to a logic HIGH, 
whenever the LED shall be activated. In general, the OL 
output is modulated with the same cadence pattern as 
the acoustical alert outputs AL and AH. However, output 
OL does not have the alerter frequency squarewave 
component. 


4.6.1 Alert Cadence Indication 


The PCF5001T provides for call alert indication in both 
the ON and Silent states of the decoder. The LED reflects 
the same alert cadence modulation as the alerter outputs 
AL and AH, see fig. 6. Warbled cadences cause the LED 
output to be "warbled" as well. LED indication may be 
terminated by the user or by time out after 16 seconds. 


“ —}—}— 


Fig. 7 Status indication toners 
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4.6.2 Repeat Alert Indication 


When the repeat alert function is enabled, the LED output 
generates the repeat alert cadence togeiher with the 
audible alert in On state. In Silent state, the some LED 
indication is used to indicate the presence of calls stored 
in the silent call storage, but without acoustical alert. 


4.6.3 Out-of-Range Indication 


In alert-only pager mode, when the out-of-range function 
is enabled by programming the associated SPF bit, the 
decoder provides an out-of-range signal on the LED 
output OL in On and Silent state. 


The out-of-range condition is derived from the 
synchronization state machine. Upon entry into fade 
recovery state following data fail state or upon entry into 
carrier-off state directly from power-on state, a hold-off 
timer is started. The hold-off time is programmable via 
SPF bits 6 and 7. After time out of this hold-off time the 
out-of-range indication is generated by activating the LED 
output for 62.5 ms every 2 seconds. This results in a 
small duty cycle of only 1/82. 


The out-of-range condition is reset upon re-entry to the 
data receive state or by changing status to Off. 


4.6.4 Alarm Input 


Whenever the alarm input, pin 23, is set to logic HIGH 
level while the interface enable input is active, the LED 
output is activated and the LED switched on. 


4.7 Start-up Alert 


The decoder PCF5001T provides a start-up alert feature 
to allow for functional tests of the alerter, the LED and the 
vibrator. The start-up alert is generated by changing 
status from Off to On or Silent. The start-up alert takes 
the form of a continuous signal, 8 code words in duration 
for 512 bit/s configuration and 17 code words in duration 
for 1200 bit/s systems, this will take 500 msec 
respectively 453 msec. 


When changing status from Off to On, start-up alert is 
generated on the alerter at low intensity and on the LED. 
Change of status from Off to Silent causes start-up alert 
generation on LED and vibrator output, irrespective of 
vibraior enable (SPF 11=1) 
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Upon completion of the siart-up alert the synchronization 
state machine enters the power-on state and initiates the 
synchronization process. It's not possible to abbreviate 
the start-up alert. Receive operation and battery level low 
indication commences only upon completion of the 
start-up alert indication. 


4.8 Battery Control Logic 


The PCF5001T operates from a single supply voltage in 
the range from 1.5 V to 6 V. For 2400 bit/s data rate using 
an external clock source or when operation of the 
decoder in the temperature range between -40 °C and 
-10 °C is intended, however, the minimum supply voltage 
is restricted to 1.8 V. 


The PCF5001T includes a built-in battery low level 
conirol logic, which monitors the condition of the battery. 
A logic signal representing the actual condition of the 
battery must be supplied to the battery low-level input BS, 
pin 6. A logic LOW level represents a good battery 
condition whereas a logic HIGH level indicates a poor 
batiery condition, i.e. the battery needs to be replaced. 
The Philips UAA2033T/UAA2050T/UAA2080T integrated 
VHF/UHF digital paging receivers contain internal battery 
low level detectors which provide an output signal to drive 
the BS input of the decoder directly. 


Sampling of the baitery sense input BS occurs in On and 
Silent state. The PCF5001T samples the BS input 


- onthe 32nd bit of synchronization code word input 
when operating in data receive, data fail, fade 
recovery or carrier-off state, 


- on every bit during power-on state. 


A battery low condition is detected and the battery low 
latch set, if four consecutive samples are found to be 
logic HIGH. If the decoder operates in On state, the 
battery low alert is generated immediately. If the decoder 
is operated in Silent state, the battery low alert is inhibited 
until the decoder has been switched to On state again. If 
the repeat alarm function is active or an incoming call is 
alerted, battery low alert will be suspended until the 
respective cadence has been completed. 


The baitery low latch is reset by switching the decoder to 
Off state. 
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4.9 Summary of Alert Generation Conditions and 
Priorities 


This section summarizes the different output signals 
available and the conditions under which they are 
generated. Entries shown are available, if the decoder 
operates in On state. Entries shown in brackets are not 
available, if the decoder operates in Silent state. Some of 
the alert functions must be explicitly enabled by program- 
ming of the related SPF bit. 


Alert function 


Output active 


yes * 
(yes) (yes) 


Status ind. 





Cali reception 


Repeat mode 





(SPF1&) | (SPF16); SPFI6 
Out of range SPFI5 


Alarm input 


Note to the table: 


Reception of special silent override calls causes the 
decoder to generate call alert indication via AL and AH 
even if it operates in Silent state. 


If there are requests for more than one alert operation at 
the some time, the decoder resolves these simultaneous 
requests based on the following rules. 


a) If more than one call alert cadence has to be 
generated, the cadences are generated in order of the 
silent call storage number(see section 5.2.1) 
regardless of order of receipt. 


b) Call alert cadence generation overrides generation of 
battery low alert generation. 


c) Status indication is completed before starting either 
call alert cadence generation or battery low alert. 


d) The alarm input function (pin 23) overrides generation 
of any internal alert cadence. 
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4.10 Programming 


The PCF5001T decoder uses on-chip electrically | 
eraseable, programmable non-volatile memory 
(EEPROM) to store up to four possible user address 
codes, two frame numbers and 32 Special Programmed 
Function bits (SPF bits, SPF0O1 - SPF32). The EEPROM 
technology makes any external backup battery 
unnecessary and helps to reduce cost. The on-chip 
EEPROM is organized as three arrays of 38 bit capacity 
each, see fig. 8 for the allocation of the individual bus to 
EEPROM addresses and their meaning. 


A special program mode is implemented in the decoder 
to support EEPROM write and read operations. The 
decoder must be in Off state for EEPROM write or verify 
operation. The program made is entered by setting the 
PD input, pin 7, to a logic LOW and the PS input, pin 8, to 
a logic HIGH at any time. The program mode is left and 
normai decoder operation resumed upon 


- removing the power supply, or 


- getting the PD input io a logic HIGH after the 38th 
data bit of an EEPROM operation while continuing to 
clock the PS input, see timing diagrams for more 
details. 


A specific EEPROM array is selected by setting data bits 
SELO and SEL1 on input PD to the predefined values 
during the second and third pulse on input PS, see also 
fig. 9 and 10: 


SELO SEL1 Selected Array 
O x 1 
1 0 2 
1 1 3 


x is a don’t care. 


The three EEPROM arrays can be programmed and 
verified in any arbitrary order. The program mode has to 
be left after write or read operation on any of the three 
arrays. 
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Fig. 8 PCF5001T EEPROM bit allocatoin 
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Fig. 10 EEPROM read operation 
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4.10.1 Receiver Identification Code Mapping 


A digital user address (RIC) in the POCSAG system 
comprises 21 bit, but the three least significant bits are 
coded in the frame number and therefore not explicitly 
transmitted. The PCF5001T supports four user 
addresses: RIC A, B. C and D. RICs A/B and RIC C/D 
must share the same frame number. RICs A and B reside 
in frame FR1 (FR10 FR11, FR12) while RICs C and D are 
allocated to frame FR2 (FR20, FR21, FR22). Prior to 
programming, RICs A/B and C/D are divided into two 

18 bits address codes and a common frame number. An 
example for decimal address to EEPROM bit content 
conversion is given in fig. 11. Every address must be 
explicitly enabled by resetting the associated enable bit to 
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4.10.2 Special Programmed Function Bits 


EEPROM array 3 contains storage for the two frame 
numbers and 32 Special Programmed Function Bits 
SPFO01 to SPF32. The SPF bus allow for application 
specific configuration of the decoder circuits. The 
following features can be selected by appropriate 
programming of the SPF bits: 


SPFO1:0; Alert-only mode 
ale Display pager mode 
SPFO2: 0: 512 bit/s data rate 


1: 1200 bit/s data rate, fixed 76.8 kHz 
crystal configuration 


0. The frame numbers shall be programmed to the same SPFO3: 0: 32768 Hz crystal configuration 
frame, if only one frame number is allocated to the pager. 1: 76800 Hz crystal configuration 
address decimal value 





(example: RIC A) 
RICA =12468 






binary equivalent (18 + 3 bit available) 
000000011000010110100 


EEPROM allocation 


|A08 {A09 [A10]A11 JA 





Fig. 11 User address to EEPROM bit content conversion example 
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SPF04, SPFO5: receiver establishment time 
(depending on data rate) 
512 bit/s data rate: 
0 0: 7.8 ms (4 bit duration) 
0 1: 15.6 ms (8 bit duration) 
1 0: 31.3 ms (16 bit duration) 
1 4: 62.5 ms (32 bit duration) -~ 


1200 bits data rate: 
0 0: 53.3 ms (64 bit duration) 
0 1: 6.7 ms (8 bit duration) 
1:0; 13.3 ms (16 bit duration) 
11: 26.7 ms (32 bit duration) 


SPF06, SPFO7: Duplicate call suppression time out and 
out-of-range hold-off time out 


00: 30s 
OA 60s 
1 0: 120s 
: 240s 
SPFO08: 0: voltage converter disable, if SPF0O1=1 


1: voltage converter enable, if SPF0O1=1 


SPFO9: 0: silent override on address C disabled 
ake silent override on address C enabled 
SPF 10: 0: silent override on address D disabled 
1: silent override on address D enabled 
SPF 11: 0: vibrator option disabled 
1: vibrator option enabled 
SPEIZ;0; call termination method 3 (Combination 
method) 
ae call termination method defined by SPF13 
SPF13: 0: numeric data deformatting, 


call termination method 1 
dle numeric data deformatting on function 
code 00 only, call termination method 2 


SPF 14: 0: Duplicate call suppression disabled 
ik Duplicate call suppression enabled 
SPFTS:0: Out of range indication on OL output 


disabled, hold-off period is zero 
regardless of SPFO6 and SPFO7 setting 
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1: Out of range indication on OL output 
enabled, if SPFO1 = 0, 
hold-off period according to SPFO6 and 


SPFO7 
SPF 16: 0: Repeat alert disabled 
1: Repeat alert enabled 
SPF17-0: Call data output on OL disabled 
1: Call data output on OL enabled 
SPF 18: Spare, free for user defined use 
SPF 19: program always 0 


SPF20 - SPF30: Spares, free for user defined use 


SPF31: 0: Alerter frequency 2048 Hz 
le Alerter frequency 2731 Hz 
SPF32: 0: Frequency reference output 16384 Hz, if 
SPFO1 = 1 
1: Frequency reference output 32768 HZ, if 
SPFO1 = 1 


Special Programmed Function bits SPF18 and SPF20 to 
SPF30 have no meaning inside the decoder. They can be 
used in display pager applications to select various other 
user defined options prepared in the microcontroller 
program memory, such as country specific character sets 
and user interface options. The microcontroller can read 
these user defined SPF bits by making use of the 
EEPROM read back feature described in section 6.6. 


4.10.3 Program Timing 
4.10.3.1 Write Operation 


The EEPROM write mode of the decoder is selected by 
keeping input PD low during the first pulse on input PS 
after entrance into program mode, see fig. 9. Data on pin 
PD is input into the decoder serially with the rising edge 
of the clock signal applied on input PS. All bits of one 
array are input in turn starting with bit 0. 

Before actually inputting data bit O and after the 37th bit, 
a special erase/write cycle must be executed. During this 
erase/write cycle period 
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- the supply voltage of the decoder must be raised to 
5 V, and 


- asquare wave clock signal with a nominal frequency 
of 1.5 MHz must be applied to input PD. 


The 1.5 MHz clock signal shall switch between the two 
logic levels. Its frequency may vary in a reasonably wide 
range, see the data sheet for more information. A simple 
RC-type oscillator using a Schmitt-Trigger gate 
74HCT132 with R = 1 kQ and C = 1 nF can be used to 
generate the required clock signal. The 32 kHz 
respectively 76.8 kHz crystal oscillator must operate 
during programming independent of this 1.5 MHz clock 
signal. 


The decoder must be operated at 5 V supply voltage 
during the erase/write cycle. It is possible to operate the 
decoder at 5 V supply voltage during the whole program 
operation. Although the decoder is able to operate at 5 V 
continuously, care must be taken to ensure that the 
maximum voltage level on pin VREF is not exceeded 
when using the internal or an external voltage doubler. 

A zener diode or an additiona! load may be required to 
keep the voitage below the specified limits during 5 V 
operation. 


6.10.3.2 Read Operation 


The EEPROM read or verify operation of the decoder is 
selected by keeping input PD high during the first pulse 
on input PS after entrance into the program mode, see 
fig. 10. EEPROM data contents of the selected array are 
output bit by using PD as data output starting with 0. 
Every positive edge on input PS switches to the next bit. 


During read operation the supply voltage may be as low 
as 1.5 V. The crystal oscillator, pins X1 /X2, must operate 
during read operation. Refer to the data sheet for more 
details. 


6.10.4 Recommended Program Interface 


This section provides some background information on 
how to program and verify the PCF5001T EEPROM ina 
production environment and how to arrange the external 
circuitry to allow easy and quick program and verify 
operation. It is assumed that during production no power 
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supply (battery) is connected to the decoder and that the 
decoder is decoupled from other circuits parts by a diode 
as shown in the application examples fig. 4 and 5. 


The program control inputs PD and PS have internal 
biasing resistors of a sufficiently low impedance so that 
selection of the inactive states is ensured even if the 
inputs are left open circuit during normal operation of the 
decoder. Input PD has an internal pull-up resistor while 
input PS has an internal pull-down resistor, additional 
external biasing resistors are not required. 


Provide pads on the pager printed circuit board for probe 
connections to the following pins of the decoder circuit: 
VS, VD, VREF, IE, ON, SK, SR, Al, PD, PS. All inputs can 
be driven by a standard CMOS/HCMOS output. Pin PD is 
used as input and output thus requiring a bidirectional 
driver configuration. Ensure that the driver output 
voltages are compatible with the specified signal input 
range of the PCF5001T. The PCF5001T is decoupled 
from the other circuitry of the pager by means of a diode, 
see fig. 4 and 5. Pads VS and VD are connected to an 
external power supply. This power supply may be either 
3 V or 5 V depending on whether the designer wishes to 
switch the supply voltage during the erase/write cycle 
mentioned in section 4.10.3.1 or not. Ifa 5 V supply is 
used, the designer must ensure that the remaining 
circuits parts can operate at this voltage and that the 
maximum voltage limes on the microcontroller interface 
are not exceeded, if any voltage converter is in use. 
Inputs IE, ON, SK and SR are connected such that the 
Off state of the decoder is selected. Initially, all other 
drivers are in the high impedance state. 


Perform the following sequence: 


a) Connect the probe to the assembled printed circuit 
board. 


b) Wait for the internal power-on reset duration. 


c) Activate the drivers for PS and PD and select the 
program mode. 


d) Perform the required write or read operation according 
to the timing shown in fig. 9 and 10 and as specified in 
the PCF5001T data sheet. If the decoder was not 
operated from a 5 V supply, the supply voltage must 
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be switched to 5 V during the erase/write period of the 
write cycle. Please note that for read operation the 
driver connected to pin PD must be set for input after 
the third pulse on PS and switched back to output 
after the 42nd pulse on PS due to the fact that PD 
becomes output during the respective interval. 


MO 
— 


Leave the program mode by driving input PD with a 
logic HIGH level and by supplying the specified 
number of pulses on input PS. Then disable the 
drivers. 


f) Continue with writing or reading of the other arrays by 
going back to step c). 


g) Disconnect the probe from the printed circuit board. 


One possible pager and probe configuration with the 
relevant connections for programming is shown in fig.12. 
The probe has also to incorporate the required level 
shifting from 3 V to the specific logic level of the driver 
circuitry, it the decoder is not always operated from a5 V 
supply. It may also be necessary to provide additional 
pads to test the paging receiver and the microcontroller. 


4.11 Call Data Output on LE.D. 


The PCF5001T allows for output of call data on the LED 
output OL, pin 13. This feature is selected by setting 
SPF17. The data is output concurrent to the output on the 
serial microcontroller interface outputs DO and DS ina 
RS232-type format with a data rate of 2048 bit/s. The 
start and stop conditions on the microcontroller interface 
are replaced by start and stop bits as required for 
asynchronous data transfer. The resulting data format is 
one start bit, eight data bits as on the microcontroller 
interface, one stop bit, see fig. 13. Data is transferred 
LSB first. 


This feature may be used to drive an external printer 
device using an optical communication link or for call data 
evaluation during production or type approval tests. 

4.12 Decoder Test Modes 

The decoder supports two test modes, which are 


intended for use in production and type approval tests. 
These test modes enable or disable specific features of 
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the decoder to support these tests and to comply with the 
relevant requirements. 


Inputs TS and TT, pin 11 and 18, which select chip test 
modes, are not intended for use by customers and must 
be left open circuit or connected to VS. Internal pull-down 
resistors on both inputs ensure proper operation without 
external connections to VS. 


4.12. 1 Board Test Mode 


The board test mode is intended for pager 
manufacturer’s production test and alignment procedu- 
res. The board test mode is entered by setting input PD 
to a logic LOW at any time. In board test mode the 
following special features are provided: 
- receiver enable output RE Is set constantly high 
(Receiver Tuning Procedure) 
- output AL is activated upon low level on input ON. 
- output AH is activated upon high level on input SR. 
- outputs OL and OM are activated on high level on 
input SK. 
- entrance to pager test mode is enabled, 
see section 4.12.2. 


Exit from board test mode is made by setting input PD to 
a logic HIGH level again, which is the default due to the 
internal pull-up resistor on PD. 


4. 12.2 Pager Test Mode 


Pager test mode is provided for PTT type approval tests. 
Entrance to the pagertest mode is only possible following 
operation in board test mode. Pagertest mode is entered 
upon reception of a call to any programmed and enabled 
user address with any function bit combination while 
being in board test mode, i.e. input PD is at logic LOW 
level. Once the decoder is in pager test mode, the 
features of the board test mode are no longer active. The 
following changes to normal operation apply: 


- any call alert is terminated after 2 seconds 

- duplicate call suppression is disabled, i.e. subsequent 
calls received under the same address and function 
bit combination are all alerted. 


Exit from pager test mode is possible only by 
disconnecting the power supply from the decoder. 
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Fig. 12 PCF5001T program interface and connections 
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Fig. 13 Call data output on LED output 
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5. Alert-Only Pager Operation 


The PCF5001T supports alert-only pager applications. 
This mode is selected by resetting SPFO1 to "0". In 
alert-only pager mode, all user interface functions are 
implemented in the PCF5001T, no external 
microcontroller is required. The complete alert-only pager 
consists of two integrated circuits only, the PCF5001T 
decoder and a paging receiver like our VAA2050T/ 
UAA2080T VHF/UHF integrated digital paging receiver, 
see fig. 4. 


5.1 Switch Interface 


In alert-only pager mode, the PCF5001T supports a slider 
switch interface for status input and a push-button 
interface for status interrogation and alert termination 
operation. Input SR must be activated for a duration 
longer than the switch scan period, which is about 

62.5 ms, to cause the desired action. The decoder scans 
inputs ON, SK and SR periodically to detect any change 
in logic level, whereupon it takes the desired action. 


Inputs ON and SK have internal pull-up resistors, input 
SR has an internal pull-down resistor. Input IE has no 
meaning in alert-only pager mode, but must be 
connected to either of the two supply pins VS and VD. 


5.1.1 Status Selection 


The operating state of the decoder is selected by 
applying the appropriate input levels to the decoder 
status inputs. The logic levels are assigned such that a 
three position slider switch can be used to provide the 
required sequence of logic levels, see fig. 4. 


ON input SK input Selected State 
don’t care Off 

1 0 On 

1 1 Silent 


Any new operating state is selected by simply moving the 
slider switch to the desired position. The selected 
operating state - On, Off or Silent - is entered with a 
possible delay of one switch scan cycle period. 
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5.1.2 Status Interrogation 


The operating status of the decoder may be interrogated 

by activating the “Status/Reset" pushbutton connected to 
input SR. As a result, generation of the appropriate status 
interrogation cadence is triggered. 


5.1.3 Alert Cadence and Battew Low Alarm 
Termination : 


Any alert cadence generated by the decoder can be 
terminated by operating the "Status/Reset" pushbutton. 
The start-up alert cannot be terminated. 


High-level intense alert tones generated by operating the 
alarm input Al can only be terminated by pulling input Al 
to the inactive state again. Input Al has an internal 
pull-down resistor in the alert-only pager mode of the 
decoder and is independent of the logic levels on input 
IE. 


5.2 Silent State Operation 


The Silent state of the PCF5001T decoder is intended for 
pager users who do not wish to be disturbed by the alert 
cadences resulting from incoming calls. In alert-only 
pager mode, the PCF5001T keeps track of incoming calls 
and maintains them in a special store for alert cadence 
generation following the exit from Silent to On state. 
However, optical and vibrator alert are also provided in 
Silent state. 


5.2.1 Silent Call Storage 


The PCF5001T provides a special call storage register 
with eight independent flags. The flags are numbered 

1 to 8. Calls are stored in the flag that corresponds to the 
related call alert cadence, thus calls received under RIC 
A/C enter flags 1 to 4 and calls under RIC B/D go into 
flags 5 to 8. 


The respective flag is set, whenever a valid call is 
detected. The flag remains set 


- to allow for alert cadence generation after complete 
receipt of a call in On state, 
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to allow for regeneration of call alert cadences upon 
change from Silent to On state of the decoder, 


to support re-generation of call alert cadences in 
combination with the repeat alarm feature of the 
decoder, see section 5.3. 


lf more than one call is stored in the register, the calls are 
alerted in order of their respective flag positions 
independent of their order of receipt. Each flag of the 
silent call storage register remains set until it is reset 
upon call alert termination, see section 5.1.3. The’flag is 
also reset and no alert cadence generated, a call was 
received when operating in data fail state and the call 
was terminated due to an uncorrectable code word 
directly following the address code word. 


The silent call storage is active in alert-only mode only. 
5.2.2 Silent Override Feature 


In the PCF5001T, a silent override feature is provided, 
which allows to classify calls as urgent and let them 
override the silent state of the decoder. Silent override 
can be enabled on RIC C and D by programming SPFO9 
and SPF10 accordingly. Silent override calls received 
while operating in Silent state of the decoder cause the 
normal alert cadences to be generated as in On state. 
The vibrator output OM is not activated when alerting 
silent override calls. 


5.3 Repeat Mode Operation 


The repeat mode has been implemented to indicate calls 
to the user that have been received while he could not 
observe his pager. These calls are kept in the silent call 
storage and can be re-alerted upon request. The repeat 
mode of the decoder is entered as soon as the alert 
cadence of any incoming call is not terminated by the 
user. If enabled by SPF16, repeat mode operation is 
indicated to the user using a special repeat mode 
indication cadence. The repeat mode is left and the 
stored cadences are generated upon activation of the 
status/reset pushbutton. This will also clear the 
respective flags in the silent call storage register. If no 
calls have been stored and the status/reset pushbutton is 
activated, a status indication cadence is generated 
instead. 
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5.4 Duplicate Call Suppression 


Some paging network operators automatically repeat 
paging calls to increase the call success:rate, but do not 
want these repeated calls to be alerted again. The 
duplicate call suppression logic implements this feature in 
our decoder. In alert-only pager mode, it operates as 
follows. 


An initial call sets the duplicate call suppression timer. 
This call is alerted normally. During the duplicate call 
suppression time out, set by SPFO6 and SPFO7, calls 
received under the same RIC and function bit 
combination as in the initial call are rejected and not 
alerted again. Any call received under any other RIC or 
function bit combination resets the duplicate call 
suppression logic and starts the time out again. 


Duplicate call suppression time out is independent of 
out-of-range activity, but out-of-range hold-off time out is 
not started prior to finishing the duplicate call suppression 
time out. 


5.5 Features not available in Alert-Only Pager Mode 


The following features are not available, if the PCF5001T 
operates in alert-only pager mode, i.e. when SPFO1 = 0: 


the voltage converter is always disabled, SPFO8 is 
irrelevant. Leave pins CN and CP open and connect 
pin VREF to VS. 


the reference frequency output FL is disabled. 


no level shifting is provided for the serial 
microcontroller interface signals, although the call 
data transfer is maintained. 


the internal biasing resistors on inputs ON, SK, SR 
and Al are activated. The status input logic is 
configured for slider switch and pushbutton operation, 
respectively. 


the silent call storage is active in Silent state and 
repeat mode. 
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- identical calls received within the duplicate call 
suppression time out are not alerted, if duplicate call 
suppression is enabled. 


- the EEPROM data read back function is not available. 


- input IE has no effect and must be connected to either 
VS or VD. 


- special conditions for call alert cadence generation 
apply for calls received in data fail state. 


5.6 Application Circuit Diagram 


The circuit diagram of an alert-only pager using the 
PCF5001T is shown in fig. 4. The decoder interfaces 
directly to our integrated VHF/UHF paging receiver circuit 
UAA2050T/UAA2080T. Unused outputs of the decoder 
are not shown for clarity. 


6. Display Pager Operation 


In display pager mode, the PCF5001T POCSAG decoder 
supports numeric and alphanumeric message pager 
applications in combination with an external 
microcontroller. The display pager mode is selected by 
programming SPFO1 = 1. 


The PCF5001T provides a serial data output port for 
transfer of call and message related data upon receipt of 
valid paging calls. Normally, an external microcontroller is 
connected to this port for post-processing of received 
data. 


One of the strongest features of our chipset in display 
pager applications is that the microcontroller can be kept 
in power-down mode most of the time to have as low a 
power consumption as possible. Wake-up signals 
implemented in the start condition preceding the serial 
call and message data transfer ensure that the 
microcontroller is activated in time. 


6.1 Microcontroller Interface 
In display pager mode, the control interface is configured 
to a bus-type structure. Input IE, pin 19, is used as the 


interface enable input. The interface is enabled whenever 
IE is set to a logic HIGH level. In this case inputs ON, SK, 
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SR and Al are active and outputs BL and OR are driven 
by the decoder. Data ouput pins DO and DS are always 
active. If the interface is not enabled, the inputs do not 
respond to applied signais and the outputs are brought to 
a high-impedance state. | 


The function of the status/reset pushbutton is also 
replaced by a logic input on input SR. A positive going 
pulse on input SR while the interface enable input IE is 
active results in status/reset operation. 


6.1.1 Status Selection 


Inputs ON and SK are used to select the operating state 
of the decoder. They are configured for static logic input 
without having internal biasing resistors. The status 
information has to be applied while input IE is active. The 
status is selected according to the following table: 


ON input SK input Selected State 

0 0 Off 

0 1 Off, EEPROM read back mode 
1 0 On 

1 1 Silent 


In order to avoid unwanted intermediate operating states, 
the status information should be applied prior to 
activating the IE input. It is possible to supply the old or 
the new status information and change during the active 
period of IE. The status information is changed according 
to the input signals and latched upon the falling edge of 
the IE input signal, see the data sheet for exact timing 
information. 


6.1.2 Status Indication 


As in alert-only pager mode, status indication tones are 
generated upon status interrogation. Status interrogation 
in display pager mode takes the form of a positive going 
pulse on input SR while the interface enable input IE is 
active. The status alert is generated following the rising 
edge of the pulse on input SR. 


6.1.3 Alert Cadence and Battery Low Alarm 
Termination 


Any alert cadence generated by the decoder can be 
terminated by a positive going pulse on input SR while 
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the interface enable input IE is active ("Status/Reset'’ 
operation). The start-up alert and the alarm tone 
generated following activation of the Al input cannot be 
terminated. 


The call alert cadence generation commences with a 
certain delay (min. 52 ms) after the call termination word 
has been sent and the stop condition was generated, see 
section 6.1.5.4. and the data sheet. This gives sufficient 
time to the microcontroller to cancel call alert generation 
for duplicate call suppression or user defined alert 
cadence patterns. 


6.1.4 Alarm Input 


High intensity alarm tones can be generated in On and 
Off state of the decoder by setting input Al to a logic 
HIGH level while the interface enable input IE is active. 
The status of the alarm input is latched on the falling 
edge of ihe signal on input IE. Generation of alarm 
indication is continued according to the latched status. 
The input on Al may be a sequence of pulses to obtain a 
modulated alarm tone output or to generate user defined 
alert cadences. 


6.1.5 Serial Microcontroller Interface 


The PCF5001T provides a serial data output port for 
transfer of call and message related data upon receipt of 
valid paging calls. Normally, an external microcontroller is 
connected to this port for post-processing of received 
data. The serial port is also provided to allow read-back 
of EEPROM information, see section 6.6 


The basic concept of our chipset in display pager 
applications implies that the microcontroller is in 
power-down mode most of the time to have as low a 
power consumption as possible. As a result the 
microcontroller must get a wake-up signal upon reception 
of a valid call to ensure the data transfer will be 
successfully completed by the microconiroller. This 
wake-up signal is implemented in the start condition. 
Following the start condition and a delay for 
microcontroller activation, an address word is sent via the 
serial port, refer to fig. 14. Then, the transfer of call data 
information takes place. The data rate is fixed to 

2048 bit/s independent of the input data rate. The 
information received in the current code word will be 
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buffered and transferred with a delay of one code word. 
The data transfer is synchronized with the beginning of 
the next code word. Completion of the call data transfer is 
indicated by issuing a termination word and generating 
the stop condition. Please note that the data transfer 
protocol is not compatible with the I?C-bus standard. 


6.1.5.1 Start Condition 


A start condition on the serial microcontroller interface 
indicates the beginning of a new call data transfer. The 
start condition is intended to cause a wake-up from 
power-down mode to the external microcontroller. During 
the start condition period data output DO is driven LOW 
while the data strobe output DS remains at logic HIGH 
level. This condition lasts long enough, 

min. 4750 u-sec, to allow for the microcontroller to start 
the crystal oscillator, leave the power-down mode, enter 
the normal operating mode and prepare for data transfer. 


After the start condition, an address word is transmitted. 
The address word gives call address related information. 
The first low going pulse on output DS indicates the first 
bit of the address word (Bit 0). The address word bus 
contain the following information: 


- Bit 0: Bit 21 of the received address code word 
(Function code) _ 

Bit 1: Bit 20 of the received address code word 
(Function code) 
Bit 2 and 3: Call address information. 

0 0: Call received under RIC A 

0 1: Call received under RIC B 

1 0: Cail received under RIC C 

1 1: Call received under RIC D 

- Bit 4: always set (Bit 4 = 1) 

- Bit 5: set, if the address code word was received while 
operating in data fail state of the synchronization 
algorithm 
Bit 6: set, if the duplicate call suppression time out is 
active, i.e. a call was received under the same RIC 
and function bit combination. 

- Bit 7: always reset (Bit 7 = 0). 


Bit 5 can be used to reject calls that have been received 
while the synchronization code word at the beginning of 
the current batch has been in error. Bit 6 indicates to the 
microcontroller that a call under the same RIC and 
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Fig. 14 Call data transfer on the serial microcontroller port 


function bit combination was received within the duplicate detect duplicated calls and possibly cancel call alert 

call suppression time out. The microcontroller will generation. The PCF5001T performs no compare 
normally compare the message bytes of those calls with operation on received message code words for duplicate 
the information from previously received messages to call detection! 
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6.1.5.2 Data Transfer 


In message paging systems, the actual call information is 
placed in message code words. The POCSAG standard 
defines numeric and alphanumeric type messages. 


In numeric calls five digits of 4 bit (nibble) are packed into 
the 20 bits of the message code word’s message field. 
This five digits can be transmitted in one message code 
word. Messages that exceed this five digit length require 
more message code words. 


In alphanumeric calls the characters of the information to 
be transmitted are coded in 7 bit ASCII format. The whole 
message is represented as a string of such 7 bit ASCII 
characters. The transmitter packs the information 
bit-by-bit into the message fields of available message 
code words: The first message code word contains all 
bits from characters 1 and 2 but only 6 bits from 
character 3, the second code word contains the 
remaining bits from character 3, all bits from characters 4 
and 5, and so on. Unused bit positions at the end of a 
message call are filled with special dummy characters. 


The PCF5001T handles numeric and alphanumeric type 
messages differently, see the following section. In either 
case, data received in the current code word is held 
inside the decoder until the beginning of the next code 
word. After translation, see following section, the 
converted characters are output byte by byte in a block 
starting at the first bit of the next code word. In numeric 
pager applications always five bytes are output with the 
information taken completely from the previously received 
code word. In alphanumeric pager applications two or 
three bytes are output with the information taken from 
possibly the last two received code words. 


The bytes within a block are separated by t,,,, min. 

1210 us, to give sufficient time to the microcontroller to 
put the received byte into an intermediate store. After all 
bytes associated with the last message code word have 
been sent, there is a delay of t,,,,, min. 3420 us, until the 
next byte from the next message code word is 
transmitted. This delay can be longer, if a synchronization 
code word was received between message code words. 


In either case, numeric or alphanumeric, the information 
is transmitted byte wise. Each byte contains one 
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translated character or digit. The bits of each byte are 
transmitted LSB first. The last bit, Bit 7, is the error flag, 
which is set, if the transmitted byte contains bits from a 
message code word that could not be successfully error 
corrected. This indicates that this byte may possibly be in 
error. lf, for any reason, the call termination criteria 
implemented in the PCF5001T do not match the specific 
customer / PTT requirements, the microcontroller can 
evaluate the error flags of subsequent bytes and 
implement the required call termination method in 
software by counting the number of concatenated 
erroneous bytes. 


6.1.5.3 Call DataTranslation 


The PCF5001T performs automatic deformatting of 
received message bits into characters (ASCII 
equivalents). The PCF5001T supports deformatting of 
numeric and alphanumeric paging message formats. The 
deformatting of received message bits into their ASCII 
equivalent bytes is controlled by SPF13 and the function 
bit combination, bit 20 and bit 21, in the received address 
code word: 


SPF13 Bit 20 Bit 21 Message Handling 
0 don’t care don’t care Numeric 

1 0 0 Numeric 

1 1 0 Alphanumeric 

1 0 ~ Alphanumeric 

1 1 1 Alphanumeric 


Simply saying, with SPF13 = 0, all message calls are 
deformatted as numeric calls. With SPF13 = 1, only calls 
for function code 00 are deformatted as numeric calls 
while all the others are deformatted as alphanumeric 
calls. Please note that SPF13 automatically also 
influences the choice of call termination methods, see 
sections 4.2.5.2 and 4.10.2. 


In numeric calls, each digit is deformatted into its one 
byte ASCII equivalent according to the following 
conversion table. 
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4 bit block 7 bit block 
character 
Isb msb Isb msb 
0 O@ 0 Oo. *O* 0 O O O 4 1 0 
1 OR OQ Qe. - ee. O° - 0; 0s. “4 1 0 
0. 1 0 O "2" 0 A .0° -O 1 1 0 
1 1 QO. “O-  "BF- 1 0.30 4 1 0 
O: 50. O. "4" 0 -O. 4 O 674 1 0 
tT "O Al OQ. “25. . 4 0 7 Oo 61 1 0 
QO. 4 1 O "6° °O 1 | Oo 61 1 0 
1 1 1 OQ. Ma -4 1 1 QO. 8 61 1 0 
0 0 O 1 "8" 0 O O 1 1 1 0 
> 2 *Q 4 "g" 4 0 oO 1 1 1 0 
0 61 0 61 ™ 0 1 0 14 =O 1 0 
| 1 Oo. *4 “LP oO. 1 0 61 oO 1 
0 OO 1 1 me SO0 30: (Oe 20 10° 0 
% ~Or “4 1 nt oO 4 1 oO 1 0 
0 1 1 1 ae 0 61 1 1 O 1 
1 | 1 1 a 1 O 1 1 0 0 


In alohanumeric calls, to every seven message bits 
received the error flag is added and the whole byte output 
without any further conversion. The first bit in a byte 
(Bit 0) is the first received bit, Bit 6 is the last received bit. 


The selection of deformatting algorithms is based on the 
POCSAG proposal for message call assignment to 
function codes. As there is a fixed mapping between the 
characters output on the serial port and the bits contained 
in the message bit fields of received message code 
words, it is always possible to reconstruct the original 
message bit fields in the microcontroller. This gives the 
flexibility to implement other conversion algorithms. 


6.1.5.4 Stop Condition 


Upon call termination, see section 4.2.5.2, the decoder 
first outputs any character that is not complete by 
appending the appropriate number of "0" bits to the 
buffered data bus, adding the error flag and transferring it 
as usual. There after an 8 bit termination word is output, 
which is basically the End of Texts (EOT, 04, ,) character 
plus an error flag, which is set whenever the call was 
terminated due to an excessive number of uncorrectable 
code words. 
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Following the termination word, a stop condition is 
generated. The stop condition is indicated by output DO 
being held at logic LOW level while output DS is set to 
logic HIGH level for a duration of T,,, min. 595 us. It is the 
termination word together with the stop condition that 
indicate the end of a message transfer. In order to make 
the stop condition a unique combination of output signals 
on outputs DO and DS, both outputs are set to logic 
HIGH output during the inactive periods of a message 
transfer, i.e. between byte transfers, see also fig. 14. 


6.1.6 Reference Frequency Output 


In display pager applications, i.e. when SPFO1 = 1, the 
PCF5001T provides a level shifted reference frequency 
output on FL, pin 28. The output signal is derived from 
the main crystal oscillator and intended for use by the 
external microconiroller or to drive a real time clock 
circuit. 


The output signal frequency on FL is 16384 Hz or 

32768 Hz, depending on SPF32, irrespective of the main 
oscillator frequency. Output FL provides exactly the 
selected number of pulses per second by switching 
between two frequencies when operating the decoder 
with a 76.8 kHz crystal frequency, for example a 

16384 Hz output is generated by switching between 

fosc / 4 and fosc / 5. 


6.1.7 Battery Low Level Output 


The battery low latch may be sampled directly at the 
battery low output BL, pin 24, by activating the interface 
enable input IE. When input IE is inactive, output BL is 
made high impedance. 


The battery low latch is set according to the conditions 
mentioned in section 6.8. A logic HIGH output represents 
a poor battery condition. This output may be sampled by 
the external microcontroller to activate battery low 
indication symbols in the liquid crystal display (LCD). The 
battery low latch can only be reset by switching the 
decoder to Off state. 


8.1.8 Out of Range Output 


The decoder provides an internal out-of-range latch, 
which is set whenever the out-of-range condition is 
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detected and the holf-off period has passed, see also 
section 4.6.3. The out-of-range latch may be sampled 
directly on output OR, pin 25, by activating the interface 
enable input IE. A logic HIGH level indicates the 
out-of-range condition. When input IE is inactive, output 
OR is made high impedance. 


If SPF 15 = 0, the out-of-range latch is set immediately 
following the detection of the out-of-range condition 
irrespective of the programmed hold-off period, 
SPF06/07. This feature can be used to implement an 
in-range indication. 


Out-of-range indication on the LED output OL is not 
possible, if the decoder is programmed for display pager 
applications, |.e. if SPFO1 = 1. 


6.2 Voltage Doubler 


The PCF5001T contains an internal switched capacitor 
voltage converter to provide doubled supply voltage to 
the external microcontroller and other external circuits 
such as LCD drivers, message memories and real time 
clock. To operate the voltage converter, a capacitor 

100 nF must be connected between pins CN and CP, the 
voltage converter must de enabled by setting SPF08 = 1 
and the display pager mode must be selected. 

A capacitor 100 uF shall be connected between VREF 
and VD. Then, the output voltage on output VREF is set 
to approximately twice the voltage on pin VS, measured 
with respect to the common reference VD, i.e. the voltage 
on VREF is more negative. 


When the voltage converter is selected, the logic LOW 
levels for all the microcontroller interface inputs and 
outputs are shifted more negative, since VREF is the low 
level reference for the respective input and output stages 
of the decoder. This Voltage Level Shifting feature of the 
decoder enables the chip io interface directly with 
microcontrollers that require a higher supply voltage than 
the decoder itself. 


The internal voltage converter has improved drive 
capabilities. The switching frequency is fixed to 16 kHz 
independent of crystal frequency. Using VREF as the 
output for the doubled supply voltage, it can supply 
600 pA typ. with V.. = -2.0 V and 900 A typ. with V.,. at 
-3.0 V, refer to the data sheet for the exact figures and 
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conditions. This is normally good enough to operate a 
CMOS microcontroller and the required peripheral 
circuits. If the power supply requirements of the external 
circuitry exceed the drive capabilities of the internal 
voltage converter, an external voltage converter circuit 
can be used instead. In this case, the capacitor has to be 
removed from pins CN and CP and the internal voltage 
converter should be disabled by resetting SPFO8. The 
supply voltage on VREF in this mode must be-equal or 
more negative than the main negative supply voltage on 
input VS. The voltage level shifting of the microcontroller 
interface signals is maintained. 


It must be recognized by the designer that the output 
voltage of any voltage converter, internai or external, may 
exceed the maximum ratings of the decoder circuit during 
the erase/write cycle period of the EEPROM write 
Operation, see section 4.10.3.1. Therefore, care must be 
taken to limit the output voltage in these cases. To limit 
the output voltage, a zener diode or an additional load 
resistor may be connected to the voltage converter output 
during programming. 


lf VREF is not used either to output the doubled supply 
voltage generated by the internal voltage doubler or to 
input any supply voltage provided by an external voltage 
doubler it must be connected to VS. In this case the 
microcontroller interface signals are referenced to the 
input voltage on input VS. This may be of interest in 
cases, where the decoder is operated at a supply 
voltage, which is directly suitable for the microcontroller. 


6.3 Silent State Operation and Silent Override Feature 


The serial message data transfer via the serial 
microcontroller port of the decoder is always maintained 
regardless of Silent state operation of the decoder. 
However, the silent call storage is disabled in display 
pager mode and thus calls received while operating in 
Silent state are not alerted again upon change to On 
state. 


In the PCF5001T, a silent override feature is provided, 
which allows to classify calls as urgent and let them 
override the silent state of the decoder. Silent override 
can be enabled on RICs C and D by programming SPFO9 
and SPF10 accordingly. Silent override calls received 
while operating in Silent state of the decoder cause the 
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normal alert cadences to be generated as in On state. 
The vibrator output OM is not activated when alerting 
silent override calls. 


6.4 Duplicate Call Suppression 


In display pager mode, the PCF5001T provides the same 
duplicate call suppression feature as in alert only pager 
mode, see section 5.4, except that call alert is not 
automatically cancelled by the decoder. Instead, the 
microcontroller can evaluate the duplicate call 
suppression flag provided in the address word. and cancel 
generation of call alert during the period t, ,, min. 52 ms, 
following the stop condition. If the microcontroller does 
not cancel the call alert during this period, the duplicate 
call suppression timer is restart If the microcontroller 
resets the call alert in time, the duplicate call suppression 
timer is not restarted and left unchanged thus allowing for 
further call suppression. 


6.5 Repeat Mode Operation 


In display pager mode, the PCF5007T provides the same 
repeat alert feature as in alert only pager mode, see 
section 4.6.2 and 5.3, except that the call storage is not 
provided and therefore call alert cadences cannot be 
retrieved upon interrogation. 


The repeat alert feature is activated by setting 

SPF16 = 1. The repeat mode is entered upon 16 second 
time out of any call alert. Repeat alert is terminated and 
repeat mode left by any change that is registered by the 
PCF5001T on inputs ON, SK or SR while the interface 
enable input IE is active. 


6.6 EEPROM Data Read Back Operation via 
Microcontroller Interface 


The PCF5001T POCSAG decoder allows to transfer the 
complete data contents of the EEPROM to the external 
microcontroller via the serial output port. This feature can 
be used 


- to implement a factory production check for the 
programmed RICs inside the decoder circuit in 
combination with the microcontroller software. In this 
case the microcontroller software is arranged such 
that upon request the EEPROM contents are transfer- 
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red and displayed on the message display in any 
convenient form. 


- to implement country and customer. specific versions 
of the pager configuration in combination with the 
unused special programmed function bus (Spare 
Bits). Following a hardware reset, the microcontroller 
would then first read the EEPROM contents and set 
the respective options according to the information 
programmed into the spore bits of EEPROM array 3. . 


The EEPROM data read back feature is available in 
display pager mode only. 


The EEPROM read back mode is entered by selection of 
the special EEPROM transfer state of the decoder, see 
section 6.1.1. Inputs ON and SR have to be set to logic 
LOW and input SK to logic HIGH level while the interface 
enable input is activated. This is normally undefined a 
condition but the decoder operates in Off state. A positive 
going pulse on input SR during the active period of the 
interface enable signal triggers the data transfer using 
DO as data output and DS as the data strobe output. 
Output data bits are valid during the low period of the 
data strobe signal. 


The contents of the three EEPROM arrays are transfer- 
red serially to the microcontroller. The transfer is 
organized as output of 15 bytes of 8 be each. 40 bits are 
used for every array where the 38 bus of each array are 
extended to 40 bits by two trailing zeros. The very first bit 
is Bit O from array 1, the transfer is finished with the 
output of SPF32 from array 3 and the two trailing zeros. 
The output data rate is nominally 2048 bit/s, but the data 
output may be discontinuous due to the allowed variation 
in the data be period, refer to parameter t,... in the data 
sheet. 


6.7 Interfacing the Decoder to Philips 
Microcontrollers 


The level shifted microcontroller interface signals 
together with the integrated voltage doubler allow for 
easy interfacing of the PCF5001 POCSAG decoder 
circuit to the components of the user interface section of 
a display pager. The user interface section normally 
comprises the microcontroller itself, a message memory 
to store received messages for later display on request, a 
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real time clock circuit to time stamp received messages 
and a liquid crystal display with its associated driver 
circuits. The peripheral circuits are connected to the 
microcontroller via the serial I?C-bus, which results in less 
interconnect and interference problems and also smaller 
packages compared to devices with parallel bus interface 
structure. * 
The start condition shall normally be used to cause the 
microcontroller to exit the power-down mode and to start 
normal operation. The duration of the start condition is 
designed to allow for sufficient crystal oscillator start-up 
time. The controller should be active to receive the first 
data strobe following completion of the start condition. In 
general, ceramic resonators show much faster start-up 
time and can thus be used to speed up the wake-up, if 
required. 


6.7.1 Interface to PCF84Cxx Series 


All members of the PCF84Cxx series of Philips 
microcontrollers support two power down modes, IDLE 
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interrupt input (INT/TO). As power consumption is most 
critical in pager applications the designer will normally try 
to keep the microcontroller in STOP mode for most of the 
time. Wake-up from STOP mode is possible by executing 
a reset operation or by applying a low pulse on the 
external interrupt input. 


Basically four different interrupt sources have to be 
handled using this single interrupt input: 


Interrupt from DO activation indicating the start 
condition of a call message data transfer 


Interrupt from DS indicating that the next message 
data bit is available on output DO 


Keyboard interrupt indicating that there was any key 
operation, and 


Clock interrupt used to trigger possibly a regular 
keyboard scan operation or to indicate the time out of 
a longer time period inside the microcontroller 


mode and STOP mode, and provide a single external software. 
V net 
1/4 74HC08 
DS é Controller_wakeup_request/data_strobe ne 
DO | LCD Driver 
i ia i 4 lIC-Bus 
1/4 74HCO8 [me eens saeamman: Ceram wemenicoean (ine 
Keyboard_interrupt ) | la 
if PCF PCF 
8583 8570 
1/4 74HC08 
FL Real_time_dock_interrupt 





Note: Other interface signals not shown for clarity 





Fig. 15 Interfacing the PCF5001T to 84Cxx microcontrollers 
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Some interfacing glue logic is required to handle these 
four interrupt sources over the single interrupt input of the 
PCF84Cxx microcontrollers. One possible arrangement is 
shown in fig. 15. All four interrupt sources can cause the 
microcontrolier to leave the STOP mode. Once the 
microcontroller is active, interrupt input can be restricted 
to DS interrupts only and the remaining:inputs are directly 
polled by the software. 


An alternative method of interrupt handling uses a 
PCF8574 8-bit I?C-bus expander circuit to collect interrupt 
requests fromm the four sources and forward them to the 
single interrupt input. This interrupt will wake up the 
controller, which in turn will first look for the most 
important interrupt source directly and finally read the 
interrupt combination via the I?C-bus. The PCF8574 can 
also relieve the controller from keyboard monitoring. 


A direct connection to pins ON, SK, SR, Al, IE, OR and 
BL is provided using standard I/O pins of the controller. 
Ouptut FL of the decoder is used to provide the 32768 Hz 
clock signal to drive the real time clock circuit. 
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6.7.2 Interface to PBOCLxxx Series 


All members of the P8OCLxxx family of Philips 
microcontrollers support two power down modes, IDLE 
mode and STOP mode, and provide several external 
interrupt inputs. AS power consumption is most critical in 
pager applications the designer will normally try to keep 
the microcontroller in STOP mode for most of the time. 
A hardware reset or logic signals applied to inputs INT2 
through INT9 can be used to cause exit from the STOP 
mode of the controller. 


The some four interrupt sources DO, DS, clock and 
keyboard interrupt as in the previous example have to be 
handled by the controller, but this time they can all be 
connected to individual interrupt inputs (Inputs INT2 
through INT9) and also scanned via these inputs 
afterwards. This makes any additionol glue logic 
unnecessary giving the most economic solution for a 
display pager concept, see fig. 16. 


V Ret 
DO 
INT 
DS poner Liquid Crystal Display 
. tte 
—. 5 LCD Driver | 
—. | 
SCL = lIC-Bus 
PCF PCF 
Fk 


Note: Other interface signals not shown for clarity 


Fig. 16 Interfacing the PCF5001T to P8OCLxxx microcontrollers 
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6.8 Features not available in Display-Pager Mode 


The following features are not available, if the PCF5001 T 
operates in display pager mode, i.e. when SPFO1 = 1: 


- the user interface inputs and outputs ON, SK, SR, Al, 
OR, IE and BL are configured for a bus type interface. 
All internal biasing resistors are switched off except for 
the one connected to input SR. 


- input Al is effective only when input IE is active. 


- the duplicate call suppression does not automatically 
cancel call cadence generation. Instead, a flag in the 
address word indicates if the duplicate call 
suppression time out is still active. Operation of the 
duplicate call suppression timer becomes a function of 
alert termination. 


- the silent call storage is not available neither in Silent 
state nor in combination with entrance into repeat 
mode. This implies that call alert cadences cannot be 
regenerated upon interrogation. 


- the voltage converter operation becomes dependent 
on SPFO8 only. 


- any call alert cadence will not start before the 
message transfer and the call alert delay have been 
completed. 


- calls received in data fail mode are alerted 
independent of call termination condition. 


- status indication cadences are not automatically 
generated following a status change. 


- output VREF is driven by the internal voltage conver- 
ter, if enabled. 


- the frequency reference output FL is driven by the 
decoder. 


- the alarm input on input Al is latched on the falling 
edge of the interface enable input signal and the 
respective alarm tone maintained. 


- optical out-of-range indication via the LED output OL 
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is disabled. Reset of SPF15 sets the out-of-range 
hold-off time to zero seconds. 


6.9 Application Circuit Diagram 


The circuit diagram of a display pager using the 
PCF5001T is shown in fig.5. The decoder interfaces 
directly to our integrated VHF/UHF paging receiver circuit 
UAA2050/UAA2080. Unused outputs of the decoder are 
not shown for clarity. 


For details on possible implementations of the 
microcontroller section see fig. 15 and 16 


7. Operating with non-standard Data Rates 


The PCF5001 T basically supports data rates of 512 bit/s 
and 1200 bit/s. Especially the user interface functions 
such as alert tones and user interface signal timing are 
matched to crystal frequencies of 32768 Hz and 

76800 Hz, respectively. However, it is possible to use the 
decoder circuits at non-standard data rate by changing 
the crystal frequency, but some changes have to be 
taken into account that may not be adequate in all cases. 


The nominal input data rate is determined by the crystal 
frequency and the setting of special programmed function 
bits SPFO2 and SPFOS3. The crystal oscillator frequency is 
a fixed multiple of the input data rate. The ratio is 


- 150 for 512 bitts data rate using a 76800 Hz crystal 
- 64 for 512 bit/s data rate using a 32768 Hz crystal 
- 64 for 1200 bit/s data rate using a 76800 Hz crystal. 


This ratio is of course maintained it the crystal oscillator 
frequency is changed to any arbitrary frequency. For 
processing of data at data rates other than the standard 
rates, choose a Suitable ratio and determine the new 
crystal frequency. The new timing values and frequency 
parameters can be calculated by appropriately scaling 
the corresponding values given in the data sheet with the 
ratio of the two crystal frequencies. 


With the new frequency, the following features of the 
decoder are affected and need to be reconsidered: 
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- the pager receiver establishment time. Programming 
of other values into the respective 
SPF bits may be required. 


- the timing of the key input scan algorithm 


- the frequency reference output on output FL is no 
longer at the specified frequencies 


- the data rate on the serial microcontroller port 
- the duration of start and stop condition 


- all call alert cadence timing for outputs AL, AH, OL 
and OM 


- the alerter drive frequency 


- the duplicate call suppresssion and out-of-range 
hold-off times 


- EEPROM data read back timing 
- the internal voltage converter 
- the power consumption of the decoder. 


From the differences listed above it is most obvious that 
using the decoder at non-standard data rates is most 
attractive in display pager applications, where 
inconvenient changes in parameters can be 
compensated for by the microcontroller software, 
especially in the user alert functions. 


It is important to note that the internal oscillator circuit 
was not designed to operate with crystal frequencies 
above 76.8 kHz over the whole temperature and voltage 
range. For 2400 bit/s data rate, the 153.6 kHz clock input 
must be provided by an external oscillator circuit and the 
minimum supply voltage is then 1.8 V. 


8. Printed Circuit Board Layout Considerations 


In general, the printed circuit board layout (PCB layout) 
for an application using the PCF5001T is not critical. 
However, it is good practise to place the crystal resonator 
close to the oscillator input/output pins X1 and X2, 
respectively. 
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In the design of a complete, compact radio pager, the 
designer must take into account that the PCF5001T 
paging decoder incorporates a crystal oscillator and 
digital CMOS logic signals which can generate 
harmonics. These harmonics can influence the input 
sensitivity of the pager receiver, if the decoder circuit is 
located too close to the paging receiver, especially near 
the antenna input circuitry. 


9. Demonstration System Module OM4706 


Philips Components provide a modular POCSAG paging 
demonstration system that includes receiver and decoder 
modules. A test and program unit, which is also available, 
can program user addresses (RICs) into the decoder 
modules and deliver POCSAG coded data. A special 
report on the paging demonstration system is also 
available. 


The OM4706 evaluation board is a decoder module 
based on the advanced PCF5001T POCSAG decoder 
and pager controller. It supports alert-only pager as well 
as display pager applications. Used in conjunction with 
existing modules of our demonstration system, this board 
can be used to evaluate all features of our new decoder 
chip. Acomplete alert-only pager can be demonstrated 
by using the OM4706 evaluation board and one of the 
receiver boards. 

With the OM4706 evaluation board, the following features 
are provided: 


- Complete evaluation of all PCF5001T features 

- Rapid prototyping and field tests 

- Full POCSAG data decoding 

- Suitable for 512 bit/s and 1200 bit/s operation 

- Interfaces directly to existing receiver modules 

The evaluation board includes an update for the software 


required by the test and program unit to control 
PCF5001T programming. 
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10. Additional application hints 


In the following paragraphs, additional application hints 
will be given to help the designer to better understand 
some of the features of the versatile POCSAG decoder 
and pager controller circuit PCF5001T. 


Se 


10.1 Repeat Alert 


In Alert only pager mode any call alert indication which is 
not interrupted during the alert timeout period of 16 $s is 
retained in the call store of the PCF5001T. 


The Repeat Alert function is enabled by SPF16 = 1. As 
an indication of one or more unacknowledged call alerts 
the Repeat Alert function allows generation of an unique 
alert pattern at regular intervals when Repeat mode is 
active. 


The alert tone frequency f,, is warbled with the 
modulation frequencies f,,, and f,,,, and is generated at 
high level with a Repeat Alert duration of 4s anda 
Repeat Alert recurrence of 15 s. The first Repeat Alert 
duration is 3 s and the recurrence is 14 s. 


When the Repeat Alert indication and the Out-of-Range 
indication are active both timings interfere at OL as 
described in fig.17. 


Out-of-Range pulse 
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The Repeat Alert is terminated upon key operation on the 
SR input. Upon release of the key input all stored calls 
are generated in numerical order. 


10.2 Battery Level Low Detection 


In On Status and Silent Status the PCF5001T samples 
the Battery Sense input (BS) at the 32" bit of each 
synchronisation scan when operating in either Data 
Receive, Data Fail, Fade Recovery or Carrier Off modes. 


BS is not sampled and no Battery Level Low condition is 
detected during Preamble Receive mode. In Power-up 
mode every received bit is sampled commencing from a 
period of two codewords after receiver output enable. 
The Battery Low (BL) output is set immediately upon 
detection and the appropriate alert commences 52 ms 
after the latch is set when the decoder is in On Status. 


The decoder generates an uncadenced high level alert 
tone at AH and AL for a duration of 16 s or unless 
terminated by the user. 


In Silent Status the output latch is also set immediately 
but the alert occurs only in Power-up state. 


_ Repeat Alert cadence 
6 7 8 / 1 2 3 
il | 1s le | | 2s | 








“a kK 
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Fig. 17: Repeat Alert Indication & Out-of-Range Indication at OL 
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When changing from Silent to On ,62.5 ms prior to the 
Battery Level Low alert, the output BL returns low for a 
short period before being set high again. The duration of 
the low period is fixed at 62.5 ms in Alert Only Pager 
mode and varies between 0 and 62.5 ms when the 
PCF5001T is in the Display Pager mode. 


The BL output is set and the alert is given on change 
from Silent to On status even if the BS input is already 
reset during Silent status. 


The Battery Level Low status is reset only by changing 
the status to Off. Upon changing to On or Silent status 
again, sampling of the BS input recommences. 


In addition to call alerts being held off while the Status/ 
Reset (SR) input is held in the high state, Battery Level 
Low detection and indication are inhibited. 


10.3. Out-of-Range Indication 


Whenever data has not been received, i.e. not in Data 
Receive or Data Fail mode for the selected Hold Off time, 
the PCF5001T generates an unmodulated indication of 
the Out-of-Range condition on OL- pin 13. 


With the entry into Fade Recovery mode or Carrier Off 
mode a timer is started. Upon reaching the selected Hold 
Off time the indication timing commences. The cadence 
has 2s spacing between each 62.5 ms pulse, except 
between every 7" and 8" pulse for which the duration is 
1s (see fig.17). 


When both Duplicate Call Suppression and Out-of-Range 
are enabled and the Duplicate Cail time out is active the 
Out-of-Range timing is held off until the Duplicate Call 
Suppression time out has completed. Before 
commencement of the Out-of-Range time out a pulse of 
125 ms is generated on the OR output if interrogated with 
IE=1. 


When the Out-of-Range function is disabled (SPF15=0), 
the Out-of-Range alert is not generated but the OR 
output is set immediately upon detection except when the 
Duplicate Call Suppression is enabled. In that case the 
OR output is not set until the Duplicate Call Suppression 
is completed. 
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10.4 Microcontroller Interface 


The PCF5001T provides level-shifted inputs and outputs 
to form an interface with an external microcontroller. For 
example a serial data output for transferring of call and 
messages related data is available at DO & DS. In 
addition it is possible to transfer data stored in each 
EEPROM array to the microcontroller. 


Upon reception of a valid User Address the PCF5001T 
transfers an 8-bit Address word indicating address and 
function. 


In the case of a Numeric Message Call, message 
codewords concatenated to the Calling Address Code- 
word are deformatted into five 8-bit words per codeword. 
Each word consist of an 7-bit ASCII character and an 
Error Flag. 


In the case of an Alohanumeric Message Call, message 
codewords are deformatted into 2 8-bit words per 
message codeword. The 8-bit words comprising the 7-bit 
received data and an Error Flag indicating the result of 
the error correction process. 


Characters that are not completely received in a single 
codeword due to partitioning of the message codeword 
structure are buffered. When the remaining bits of that 
character are obtained, on reception of the following 
message codeword they are appended to the buffered 
data and transferred to the output as a complete byte. 
The error flag, appended as the 8" bit of a message word 
in which the character was divided, indicates erroneous 
reception of a character if either one of the codewords is 
incorrect. 


The timing diagram in fig. 18 shows the procedure of 
deformatting the codewords in 8-bit words. 


There is a particularity in the timing at the position where 
the error correction process of the 7" message codeword 
is finished and the words are transferred to the 
microcontroller. 


In this situation the 20" message byte is transferred to 
the microcontroller after the 8th instead of the 7" 
codeword. But the delay of the message byte is nota 
problem. 
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However the Error Flag of the 20" alphanumeric 
message byte is set if the 7" or the 8" message code- 
word is received in error, despite the fact that the byte is 
received complete in the 7" codeword. 


Attaching of the error flag to the right message byte is 
easily done by a small software routine. Additional to the 
normal error flog check the software must be able to 
perform a special test at every 20" message byte 
transfer. 


If the error flag of the 20" message byte is set, attaching 
of the error flag will be done by checking the previous 
message byte. If the error flag of the 19'"° message byte is 
not set the software of the microcontroller should reset 
the error flag of the 20" message byte. 


Upon call termination the PCF5001T transfers any 
character that is not complete by appending the 
appropriate number of zero bits to the buffered data 
Thereafter an 8-bit Termination character is transferred. 
10.5 EEPROM data transfer 

The contents of the three EEPROM arrays are transfer- 


red serially to the microcontroller upon initialisation by the 
microcontroller. 


21 message bits 
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The transfer comprises fifteen 8-bit bytes and starts with 
Bit O of array 0. The contents of each array are extended 
to 40 bits by trailing zeros. 


Initialisation of the data transfer is done by setting the SR 
input high for a period longer than 35us. However if the 
pulse on SR input is longer than 50ms the full data 
transfer to the microcontroller is automatically repeated. 


In addition it is possible to enable call data (SPF17 = 1) 
to appear at the OL output at the same time as the data 
is transferred on the data output port. 


During the data transfer SPF17 is changing, thus the 
sequence on the L.E.D. is incorrect irrespective of 
programming. SPF02 and SPFO3 are also changing 
during the data transfer resullting in an unsymmetrical 
timing at OL and DO. 


10.6 Indication and Data Output on L.E.D. 


The PCF5001T provides Call Alert indication on L.E.D. in 
both the On and Silent state. According to the acoustic 
alert four different alert cadences with warbled 
modulation as appropriate are possible. 


The L.E.D. indication is terminated by operation of the 
Status/Reset input or by time out. 


5 
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Fig. 18: Timing of the Message Byte Transfer to the Microcontroller 
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As shown in fig.19 operation of the L.E.D. is not inhibited 
during call reception unless data output via L.E.D. is 
programmed. 


10.7 Pager Test Features 


The PCF5001T provides two different test modes in 
which some of the decoder features can be checked. The 
test modes are: 


Board Test mode, Pager Test mode. 


The Board Test mode is entered by setting the PD input 
low at any time. In this mode the following features are 
active: 


- Receiver Enable output is set high 

- low level alert output is set active on ON input low 

- high level alert output is set active on SR input high 

- L.E.D. output and Vibrator output are set active on SK 
input active 


Exit from the Board Test mode is done by setting the 
Program Data input high again. 


When in Board Test mode and upon reception of a call 
the PagerTest mode is entered. The condition of Board 
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Test mode ceases when the Pager Test mode is active. In 
this mode the following features are active: 


- only audible call alerts are abbreviated to 2s 
- Duplicate Call Suppression is disabled 


Exit from the Pager Test mode occurs by disconnecting 
the power supply from the PCF5001T. 
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Fig. 19: Indication and Data Output on L.E.D. 
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CHAPTER 6 PAGER DEVELOPMENT TOOLS AND MATERIAL 


UAA2080H Demonstration board 
OM4706 Decoder demonstration board 
OM4718 Test and programming unit 
OM4749 Bit Error Rate test board 
OM4759 Antenne matching software 
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Summary: 


This document describes the UAA2080H pager receiver 
demoboards. It gives application diagrams for 173, 288 
and 470 MHz, including component list and layout. 

A typical noise matching network for small magnetic loop 
antennas is given together with some simplified design 
formulas. A comparison is given between the battery life- 
time of a 2-cell supply concept and 1-cell supply concepts 
including a DC-DC converter. It provides a detailed tuning 
procedure for optimum receiver alignment, a complete 
set of crystal specifications and hints on PCB layout 
design. 


1. Introduction 


This application note describes demoboards of the 
UAA2080H pager receiver IC operating at frequencies of 
172.941, 288.234 and 469.950 MHz. It is a supplement to 
the data sheets and Laboratory Report ETT91003 [4]. 
Typical performance figures of the three boards are given 
below. The receiver sensitivity has been measured for 
3% bit error rate. When the UAA2080 is used in 
combination with the PCF5001 decoder or the OM4031 
digital data filter, there is approximately 3 dB 
improvement in sensitivity, in addition to the figures 
mentioned below. 
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Figure 1. 172.941 MHz Receiver (OM4745) 


Philips OM4745 

This receiver operates at 172.941 MHz, and uses a 3rd overtone crystal of 57.647 MHz. 
Sensitivity at 1200 baud and 4 kHz deviation :-123dBm 

Spurious Rejection >> 70 dB 

Adjacent Channel rejection : 72 dB 

Third-order intermodulation Intercept Point IP3_ : -29 dBm 
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Figure 2. 288.234 MHz Receiver (OM4746) 


Philips OM4746 

This receiver operates at 288.234 MHz, and uses a 3rd overtone crystal of 48.029 MHz. 
Sensitivity at 1200 baud and 4 kHz deviation :-123 dBm 

Spurious Rejection :>65 dB 

Adjacent Channel Rejection 72:06 

Third-order intermodulation Intercept point IP3_ : -29 dBm 
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Figure 3. 469.950 MHz Receiver (OM4747) 


Philips OM4747 





This receiver operates at 469.950 MHz, and uses a 3rd overtone crystal of 78.325 MHz. 


Sensitivity at 1200 baud and 4 kHz deviation :-121 dBm 
Spurious Rejection >> 62 dB 
Adjacent Channel Rejection : 72 dB 
Third-order intermodulation Intercept point IP3 : -29 dBm 
Philips OM4748 


This is a blank printed circuit board with only the UAA2080H mounted on it. It can be used to build circuits at other 


frequencies. 
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2. Circuit description 


The UAA2080 contains a compiete FSK receiver that is 
based on the direct conversion principle which results in 
a high level of integration. The front-end of the receiver, 
consisting of RF-stages and LO-train, is only partly 
integrated in order to allow application over a wide 
frequency range. The back-end of the receiver consisting 
of zero-IF stages and a demodulator is completely 
integrated. Figure 1, 2 and 3 depict compiete application 
diagrams of the UAA2080H for 173, 288 and 470 MHz 
respectively. 


2.1 50 (2 RF-input network 


The input network of the UAA2080H demonstration 
boards has been designed at 50 Q in order to match to 
RF equipment. The input network transforms the 50 Q 
source resistance Rs into the optimum source resistance 
of the RF-amplifier Rs_amp of approx. 1 kKQ which gives 
a minimum noise figure of the amplifier. To avoid additio- 
nal noise the losses in the matching network are minimi- 
zed by using an air core coil. When losses and parasitics 
are ignored the impedance transformation gives the 
series reactance Xs of C1 + C2 (see Figs. 1, 2 and 3): 


Xs= (Rs *RS inp — RS 
from this series reactance the values of C1 and C2 are 
obtained as follows: 


Cl= C2 = 2° 
2 i Ke 

There is still design freedom to choose the absolute value 
of L1 and C3. The noise generated by the loss resistance 
of L1 is negligible if the loaded Q of the input network is 
at least a factor 5 smaller than the Q of L1 (typically 
>120). A practical vaiue for Q_loaded is 12-18. The 
transformed source resistance Rs_amp together with the 
amplifier input resistance Rin_amp, are loading L1 the 
reactance of which is given by: 


a RS np / RD snp 
Gan 
issn 





The input resistance Rin_amp is approx. 6k, 5k and 3k at 
173, 288 and 470 MHz respectively [1]. L1 is tuned to 
resonance with trimmer C3 plus the transformed 
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capacitance Cs_tr and the parasitic capacitance Cpar of 
the amplifier input circuit, package and PCB. The 
reactance of Cs_tr is given by: 





The total parasitic capacitance Cpar is approx. 1.5 pF. 
The required value of C3 then becomes: 


C= Cs, -C.,. 
DT es Pp 





By grounding C2 the input network provides a 
unbalanced to balanced transformation. 


Example 


lf f = 470 MHz, Rs = 50 and Rs_amp = 7k then 

C1 = C2 =3.0 pF. If Rin_amp = 3 kQ and when the 
loaded Q is chosen as 20 then X_L1 = 37.5 nH and 

L1= 12.7 nH. The transformed series capacitance Cs_tr 
equals 1.5 pF. This results in a trimmer capacitance C3 of 
9.0-1.5-1.5=6 pF. 


2.2 Antenna matching network 


The matching network has to be optimized to the type 
and properties of the antenna used. In pagers most often 
a small magnetic loop antenna is used which is tuned to 
resonance with a trimmer and matched to the amplifier by 
means of fixed capacitors. The Q of this type of loop 
antenna can be high (200-500) with a real part of the 
antenna input impedance of typically a few tenths of an 
ohm [2]. Consequently, losses in the matching network 
due to series resistance of the capacitors are rather 
dominant and should be reduced as much as possible. 
Moreover, these losses have to be incorporated in the 
design of the matching network. Figure 4 gives a typical 
matching network. If we assume that all elements of the 
network have the same quality factor Qelem, then the 
capacitor ratio r = Cp/Cs is given by: 


in which Rs_amp is the parallel resistance seen by the 
amplifier looking into the matching network. To obtain 
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noise match Rs_amp must be about 1 kQ. 
In order to tune the antenna to resonance the total 
equivalent paraliel capacitance Ctot equais: 


] 


Ctot = 5 
[2 a0" F | Larit 





Because Ctot is realized partly by Ctune and partly by the 
matching capacitors Cs and Cp there is design freedom 
to optimize for practical component vaiues. Assume that 
Ctune = o*Ctot then: : 


bed eT g Le 
Cs= _K % 
E Lant*|2 "a7 | 





in which O<a< 1. The amplifier input capacitance has to 
be incorporated in Cp. 


Example 


At 173 MHz a1 x 6cm rectangular copper wire loop has 
an inductance of approx. 80 nH and a Q factor of 300 
which is approximately the same as the Q factor of a 
good trimmer and of normal SMD capacitors. 

For RS_amp = 1 kQ the capacitance ratio r becomes 





i = 
t=? 
2 


Vie 





2 * at *173e6 * 80e — 9 * 300 : 
\ 2*1000 — 


The total parallel capacitance Ctot = 10.58 pF has to be 
divided over Cs, Cp and Ctune. If we choose oa = 0.7 then 
Ctune = 0.7*10.58 pF = 7.4 pF and Cs = 8.78 pF and 
Co=r* Cs = 11.46 pF. 


PCB tracks (even as short as 1 cm) between antenna 
and capacitors act as a transmission line. This gives a 
significant impedance transformation and deteriorates the 
matching towards the amplifier. Therefore, the matching- 
and trimming capacitors must be placed as close as 
possible to the antenna terminals. 


Warning: Handsoldering small SMD capacitors with an 
iron that is too hot degrades the Q enormously!! 


Losses of the loop antenna itself can be kept small by 
using a good conducting metal, like copper, with a 
smooth polished surface coated against corrosion. Sharp 
or irregular edges of strips should be avoided because 
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they increase skin effects. 


pin? 





Figure 4. Antenna matching network 


2.3 RF-amplifier output tank 


The amplifier output tank circuit is designed for optimum 
power transfer towards the phase-shifter on one hand 
and optimum frequency selectivity (high loaded Q) on the 
other. Most losses are due to power dissipation in the 
SMD coils L2 and L3. A good compromise is obtained by 
choosing a loaded Q which is a factor 2 less than the Q 
of the SMD coils (typically 60). In this case half the 
loading is caused by the loss resistance of L2 and L3 and 
half the loading is caused by the resistive input 
impedance of the phase-shifter Rph, which is 
transformed with C7 = C8 = C9 into a loading resistance 
Rload of: 


C7+2*C9 
Roa = L C7 
L 


The phase shifter input resistance Rsh is approx. 250 Q 
and is not a critical parameter in the design of the tank 
circuit. 


= 
Res - PERS 


2.4 Phase shifter 


The capacitors C10 and C11 and the input resistance Rm 
of the mixer in the |-path provide a phase shift of +45” if 
the reactance X_C10 + X_C11 is equal to the mixer input 
resistance Rm. The coils L4 and L5 and the mixer input 
resistance Rm in the Q-path provide -45° phase shift if 
the total reactance X_L4 + X_L5 is equal to Rm. Rm is 
approx. 270, 230 and 180 Q for 170, 288 and 470 MHz 
respectively. Especially at UHF this phase shifting 
network is rather sensitive to strays in the PCB. In 
practice C10 and Ci1 and/or L4 and L5 have to be 
optimized such that the phase difference between | and 
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Q is 90°+/-10° and their amplitudes are the same within 
2 dB. 


2.5 Oscillator 


The colpitts oscillator is forced to oscillate at the third- 
overtone of the crystal by means of a made selector coil 
L9. The DC-biasing is provided by the 1.8 kQ resistor R5 
which is optimized for minimum power consumption on 
one hand and reliable start-up on the other hand for the 
set of crystal specifications given on pages 14-16. 

The oscillator operates in class C. Therefore, its output 
current (pin 28) is peaked and contains strong harmonics. 
The output tank circuit is tuned to either the fundamental 
(173 MHz) or second harmonic (288, 470 MHz). 


2.6 Frequency multiplier 


The frequency multiplier is driven single ended with a 
relatively strong signal switching the multiplier stage. The 
balanced output current (pin 24 and 25) contains strong 
odd harmonics. The output tank circuit is tuned to the 
third harmonic which is equal to the receiving frequency. 
The output tank is internally connected to the LO-inputs 
of the mixers. The resistor R3 provides a DC voltage drop 
of approximately 0.3 V which is required for optimal DC 
biasing of the mixers. 


2.7 DC-DC Converter 


The demoboard offers the possibility to supply the 
UAA2080H via a DC-DC converter which can be 
switched on and off by means of jumpers. The converter 
used is of the boost type and has an efficiency of approx. 
75% with the components used on the demoboard. The 
RC filter at the converter output suppresses LF and MF 
frequency components that are generated by the 
converter. 


3. Power supply concepts 


The UAA2080 can best be supplied by two 1.5 V 
batteries. This is simple and reliable compared to a single 
cell supply in combination with a DC-DC converter. 
Moreover, in a 2-cell concept the relatively small total 
current consumption of 2.7 mA results in a long battery 
life. However, the additional weight and extra space 
required for a second battery can be avoided by using a 
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DC-DC converter to supply the receiver. 
3.1 2-cell supply concept 


Figure 5. depicts a 2-cell supply concept for the 
UAA2080H in combination with the PCF5001 decoder. To 
suppress LF-interference from the digital circuitry to the 
susceptible receiver the batteries can best be connected 
as a Star point. Both the receiver and decoder should be 
LF decoupled by a series resistor and a capacitor close 
to the IC. 


In a direct conversion receiver the LF signal amplitude at 
the mixer outputs is small because most of the gain is 
provided by the LF stages. Due to the non-ideal power 
supply rejection, LF signals that are present on the 
supply line are being fed towards the internal signal path 
and reduce the receiver sensitivity. To prevent de- 
sensitization the power supply ripple at frequencies 
between 300 Hz and 10 kHz should be less than a few 
mVpp. Most often a RC or LC LF decoupling network in 
the supply line is necessary and sufficient to suppress 
interference from digital circuitry. Table 1. shows, for 
different modulating frequencies of the supply line, the 
signal amplitudes that give 3 dB sensitivity degradation of 
the receiver. 





Table 1. Supply interference giving 3 dB 
sensitivity reduction 


Data-out contains LF frequency components which might 
interact with the receiver via the supply lines. Therefore, 
the data-out return path should be low-ohmic and 
preferably routed close to the data line. 
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Figure 5. 2-cell supply concept for UAA2080 and 
PCF5001 


3.2 1-cell supply concept 


For a smail size pager a single cell supply concept may 
be preferred over a two cell concept. In this case, the 
nominally 1.5 V battery voltage has to be enhanced by 
means of a DC-DC converter to supply both the receiver 
and decoder. The boost type converters are commonly 
used for this purpose. The output voitage of these 
converters is regulated by means of a comparator with 
hysteresis. The ripple caused by this stabilization 
mechanism has to be filtered by either an LC or RC 
network otherwise the receiver sensitivity will reduce. The 
coil L1 (TDK_TSLO707) is selected for optimum effi- 
ciency. A magnetically shielded coil might be attractive 
because it gives less radiation and has smaller 
dimensions, but it reduces the converter efficiency more 
than 10 %. The scnotiky diode has to be selected for a 
minimum forward voltage drop. Here, a PRLL5817 or 
BAT54 is a good choice. For optimum converter effi- 
ciency the filter resistors R1 and R2 has to be small 
compared to the effective load resistance. A good choice 
is 10-22 Q. The bias current of the receiver is 
independent of the supply voltage. Thus, to minimize the 
power consumption of the receiver, the converter output 
voltage must be kept as low as possible (e.g. 2 V). This 
provides maximum battery life-time. 


Ri R2 
—o+ + 2) 
PRLLS817 22 22 


C1 
RH5RC302 


Vin = 1.5V HH 
& 





LOO. 
100,H 
TOKTSL8787 - 181KR66 






+ +| C2 + C3 
Se 10uF SS 22uF Se 22nF 
CT5195/49MC 


‘ 6V3 
C15195/49MC CT5195/49MC 














Figure 6. 1-cell supply concept with a 3 V RH5RC302 
DC-DC converter 
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Figure 7. 1-cell supply concept with a 2.2 V 
$C17631MCL DC-DC converter 


3.3 Battery life-time 


In pager applications the total battery life-time is a major 
system parameter. Battery life-time depends on the 
power consumption of the receiver and digital part but 
also on the power supply concept used. Three examples 
corresponding with the two supply concepts above have 
been worked out in more detail. It is assumed that battery 
voltage is constant during its life-time and that all bias 
currents are independent of the supply voltage. 
Moreover, it is assumed that: 


battery voltage Ubat =1.3V 
battery capacity Chat =1000 mAh 
receiver current lrec =2.7mMA 
current of digital part Idig =02mA 
receiver on/off duty cycle d = 0.08 
DC-DC convertér efficiency n = 0.70 
converter output voltage Uout =2.20r3V 


2-cell supply concept 


For the 2-cell supply concept the battery life-time LT_bat 
can be calculated with the formula given below. 


LT a Cra 

d . Ts + Luis 
For the conditions given above the battery life-time is 
2404 h. 


1-cell supply concept; 


For a 1-cell supply concept the total power consumption 
of receiver and digital part is of interest because the 
converter transfers this power, with some loss, from the 
battery to its load. 
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LT. = Sow = Goa Ue Cran 
7 Tx — Proas — UD ss (d si en Bs Lie 
n i Una 


According to this formula the battery life-time for a 2.2 V 
and 3 V converter is 994 h and 730 h respectively. Of 
course, in a single cell supply concept only half the 
amount of energy is available. Due to the power 
dissipation of the DC-DC converter the life-time reduces 
even further. However, by using a converter with an 
output voltage lower than the voltage of two batteries, the 
power loss in the converter is partly compensated: 


3.4 Measuring the DC-DC converter efficiency 


It is not possible to measure the DC-DC converter 
efficiency directly using a mA-meter, because the current 
drawn from the battery has both a direct and a pulsed 
component. 


It is recommended to connect a measuring resistor R_, of 
< 100 © between the pins of jumper J1 in the ON 
position. Also, a measuring capacitor C_ of = 680 uF 
must be connected in parallel with C100, e.g. between 
the pins of jumper J1 in the OFF position. The jumper 
itself must of course be removed for this measurement. 


The input current of the converter |, _, is obtained from the 
voltage V_, across R_,, while the input voltage V,_., is 
measured across C, : 


ier oe Ve / R.., 


The output current |, , can be measured by connecting a 
mA-meter across the pins of jumper J2 in the ON position 
(with the jumper removed). The output voltage V.,,, is 
measured across capacitor C103. 


The converter power efficiency n now becomes: 
N=Po./ Pra With: 


P 


ou 


me * 
t Noi | 


out 


ae = Vig : la = ae ‘ Ve / Be 
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4, Layout design guidelines 


At VHF and, especially, UHF frequencies the layout and 
component placement have to be chosen properly in 
order to obtain optimum performance with respect to 
sensitivity and spurious rejection. PCB tracks have to be 
short. Decoupling capacitors must be well placed for 
optimum decoupling and RF-coupling between the 
oscillator train and magnetic loop antenna has to be 
minimized. On pages 12 and 13 of Report No. ETT91003 
"UAA2080T VHF/UHF Paging Receiver, Features and 
Applications" guidelines for PCB layout design are given. 
An overview of the most important design aspects are 
mentioned below. 


4.1 Ground plane 


The bias currents of the UAA2080 are stabilized by 
means of a bandgap voltage that refers to ground. 
Therefore, preferably all ground connections should be at 
the same potential both for DC and AC. This includes the 
ground pins of the IC as well as ground points of external 
components. In order to minimize RF-voltage drops 
between different grounds these grounds can best be 
connected to each other by means of a ground plane. 


4.2 RF-decoupling of power supply 


The oscillator, operating in class-C, causes relatively 
strong current peaks in the supply line. In order to 
minimize the current through the ground plane the 
decouple capacitor C14 should be placed close to the 
tank circuit L8, C15 and the oscillator ground connection 
of C15, R5, C18 and the crystal. 

The frequency multiplier is driven asymmetrically. 
Consequently, a common-mode current flows through 
C21 and/or R3 via R4 to ground. Therefore, the grounded 
terminal of C21 can best be placed close to the ground 
connection of R4. 


The capacitor C5 decouples the main supply of the 
UAA2080H. C4 decouples the supply of the RF-amplifier. 
Its ground connection can best be kept close to the 
ground connection of R71. 
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4.3 LO pick-up 


In a direct conversion receiver concept the frequency of 
the LO mixer injection signal is equal to the receiving 
frequency. The loop antenna and/or input network 
inevitably picks up some of the LO-signal. If the coupling 
between the oscillator/multiplier and RF-input is too 
strong the receiver sensitivity degrades. Therefore, the 
orientation of L6 and L7 can best be chosen such that 
coupling with the antenna is minimal. Moreover, both 
coils can best be placed side by side such that their 
magnetic fields cancel. 

The antenna input circuit and the oscillator train are best 
kept on opposite sides of the IC. 


4.4 Parasitic inductance 


The inductance of a PCB track is typically 1nH/mm. 
Because the required inductances in the tank circuits are, 
at UHF, in the order of 10 nH, the PCB tracks of these 
tank circuits should not be longer than a few mm. For 
optimum spurious rejection it is better to have some 
parasitic inductance present in series with a coil than in 
series with a capacitor. Therefore, the trimmers C6 and 
C12 should be placed as close as possible to the IC pins 
while L2, L3 and L6, L7 can be placed somewhat further 
away. 


5. Receiver Tuning Procedure 
a) Coarse tuning of the crystal 


The three application circuits are to be tuned as follows. 
The signal generator (50 Q source) is connected to the 
RF input of the receiver board, and the frequency is kept 
at the nominal receiver frequency. The RF signal 
amplitude is initially kept very large, at about 50 mV. The 
audio IF signal at TP! or TPQ is displayed on an 
oscilloscope (time base at 200 us/division). The crystal is 
tuned (by C16 of C17) till a signal of approximately 

2-4 kHz is observed. The amplitude could be very small, 
so the voltage setting on the oscilloscope should be 

1-5 mV/division. If a variable resistor R6 is used for 
damping, then it must be kept at the maximum value. 
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b) Tuning all tank circuits 


After the coarse tuning of the crystal, the receiver’s LO 
frequency is within a few kHz of the correct frequency, 
and therefore all the tank circuits can now be tuned. All 
other tuning capacitors are carefully adjusted in order to 
maximise the IF amplitude. The easiest sequence of 
trimming is: C15, C12, C6 and than C3. The signal 
generator level is decreased and adjusted so that the IF 
amplitude is always less than 25 mV (this avoids gain 
compression in the IF signal path). For the 470 and 

288 MHz applications, C12 will have a large range over 
which the IF amplitude remains maximum. This is due to 
overdrive signal level at pin OSC. Proper tuning of C12 is 
given below under the section on Spurious Rejection. 


c) Fine tuning of the crystal 


The crystal is again tuned till there is no signal displayed, 
or the signal frequency is very small (this occurs when 
the LO frequency is nearly equal to the signal generator 
frequency, so that the difference in frequency which is the 
IF, is very small, say within 100 Hz). Under this condition, 
turning the tuning capacitor (C16 or C17) very slightly in 
either direction from the optimal position, increases the IF 
frequency. 


The oscilloscope time-base is increased to 1 ms/division, 
and the crystal is carefully further fine-tuned to display 
the lowest possible frequency on the oscilloscope. At this 
stage, the LO has been tuned to the nominal receiver 
frequency, with an error equal to the frequency of the IF 
signal that is displayed on the oscilloscope. 


d) Spurious Rejection 


The IF signal is made 4 kHz (deviation frequency) at 

20 mV amplitude by changing the signal generator 
frequency by 4 kHz from the nominal receiver frequency, 
and adjusting its attenuation. Next, R6 is reduced so that 
the IF amplitude decreases by half. This removes the 
overdrive at pin OSC, thus enabling the proper tuning of 
C15, which is now tuned again, along with C12, to 
maximise the !F level. R6 is then made maximum and the 
signal generator adjusted to give 20 mV IF level. R6 is 
reduced till the IF amplitude drops to 17 mV. This ensures 
that the LO level is just sufficient to switch the mixers, 
and not larger, as that would degrade spurious rejection. 
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With this final adjustment, the receiver is fully tuned and 
its spurious rejection optimal. Reducing the IF level even 
further would result in an even better spurious rejection, 
with a slight decrease in sensitivity. In circuits that do not 
use the damping resistor R6, the IF level is finally 
reduced from 20 mV to 17 mV by detuning C15. 


6. Component Description 


A complete list of components used for each demoboard 
is given on pages 23-32 at the end of this document. 
Except for the DC-DC converter part all components are 
the same as for the UAA2080T (SO28 package) 
application diagram [3]. However, an additional resistor 
R7 (22 k-100 k) in series with pin DO is recommended in 
order to avoid de-sensilization that might occur due to 
current peaks caused by capacitive loading. The RF- 
decoupling capacitors C23-C27 are optional and only 
required when strong interfering RF signals are being 
expected. 


Crystals 


The crystal oscillator is optimized for a relatively low bias 
current [1, page 15-40]. This poses rather severe 
requirements on the motional resistance of the crystals. 
A complete specification for the crystals is given on the 
following pages. At the cost of yield a somewhat relaxed 
specification of the motional resistance may be used. 
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6.1 78.325 MHz Crystal Specifications 


(All parameters to be measured with metallic holder and 
one lead grounded) ; 
Application: 469.950 MHz (2 x 3 x 78.325 MHz) 


Loaded Parallel Resonant Frequency, f,: 78.325 MHz 


Load Capacitance, C,:8 pF 

Tolerance on C,: + 0.5 pF 

Tolerance of f: 

Calibration: + 5 ppm at 25 °C 

Total (temperature + aging, see Notes): 
+ 4.2 ppm over -10 °C to +55 °C (@ 20 kHz TX 
channel width, + 4 kHz deviation) 
+ 5.3 ppm over -10 °C to +55 °C (@ 25 kHz TX 
channel width, + 4.5 kHz deviation) 


Overtone: third 
Motional Resistance, R,: less than 20 Q 


Static Capacitance, C,: less than 6 pF 


Pullability, F: 
Definition: F =(f, - f,/f, =C,/[2(C, + C,)] 
in [ppm] 


where f, = unloaded series resonance frequency 
C,= motional capacitance 
Requirement: 55 ppm < F < 70 ppm when C, = 8 pF 


Holder: HC-52-SMD, with ground clamp or connection 
for metallic holder 


Spurious rejection: 

R/R, 2 2 from f,/2.5 to 2f, 

where R,, is the dynamic resistance at the spurious 
frequency 


Notes: 

- The total frequency tolerance is based on a 3 dB loss 
of sensitivity of the UAA2080 due to frequency offset 
between transmitter and receiver. 

- Aging requirements depend on the interval between 
service adjustments of the paging receiver. System 
aging is mainly determined by aging of the crystal, the 
tuning capacitor and the stray capacitance of the 
printed circuit board. 
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6.2 48.039 MHz and 57.647 MHz Crystal 
Specifications 


(All parameters to be measured with metallic holder and 
one lead grounded) 
Applications: a) 172.941 MHz (3 x 57.647 MHz) 

b) 288.234 MHz (2 x 3.x 48.039 MHz) 


Loaded Parallel Resonant Frequency, f : 
a) 57.647 MHz_ b) 48.039 MHz 


Load Capacitance, C,: 8 pF 
Tolerance on C.: +05 pF 


Tolerance of f,: 
Calibration: +/- 5 ppm at 25 °C 
Total (temperature + aging, see Notes on previous page): 


a. + 11.5 ppm over -10 °C to +55 °C (@ 20 kHz 
channel width, + 4 kHz deviation) 

+ 14.4 ppm over -10 °C to +55 °C (@ 25 kHz 
channel width, + 4.5 kHz deviation) 


b. + 6.9 ppm over -10 °C to +55 °C (@ 20 kHz 
channel width, + 4 kHz deviation) 

+ 8.7 ppm over -10 °C to +55 °C (@ 25 kHz 
channel width, + 4.5 kHz deviation) 


Overtone: third 
Motional Resistance, R,: less than 30 Q 
Static Capacitance, C,: less than 5 pF 


Pullability, F: 

Definition: F= (f, -f,/f,=C,/2(C, + C,)] 

in [ppm] 

where f,, = unloaded series resonance frequency 
C, = motional capacitance 

Requirement: 50 ppm < F < 70 ppm when C, = 8 pF 


Holder: HC-52-SMD, with ground clamp/connection for 
metallic holder 


Spurious rejection: 

RJR, 2 2 from f /2.5 to 2f, 

where R, is the dynamic resistance at the spurious 
frequency 
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16 pin flat cable Connector 
Pin# Signal 


Positive battery supply (>1.9 V); DC-DC converter 
output when enabled 

Data output (pin 3 of UAA2080H) 

Receiver enable input (pin 4 of UAA2080H) 
Battery low indicator output (pin 2 of UAA2080H) 


oh, 


11. TPQ (pin 5 of UAA2080H) 

12 TPI (pin 6 of VAA2080H) 

13 Low supply voltage (>0.9 V) to be used in 
combination with DC-DC converter 

14 Shorted to pin 15 of connector (compatibility with 
OM4706 decoder board) 

15 Shorted to pin 14 of connector (compatibility with 
OM4706 decoder board) 

16 Ground | 


The flat cable connector of the 3 demoboards is pin 
compatible with the PCF5001 decoder demoboard 
OM4706. The two batteries on the OM4706 are used to 
supply both the decoder and the receiver IC. However, 
with a few minor modifications of the OM4706 both 
boards can be supplied by only one battery and the 
DC-DC converter on the receiver board. 


Modifications for 1-cell supply of OM4706 and 
OM4745/46/47: 


-1- remove battery B1. 

-2- cut, at backside, the PCB track from connector pin13 
to LED1. 

-4- connect positive side of battery socket B2 with 
connector pin13 

-3- switch on J1 and J2 of the receiver board 
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PRINTED CIRCUIT BOARD 


Top Side 





Bottom Side 
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1. Introduction 
1.1 Short description 


The PCF5001T is a fully integrated low power decoder 
and pager controller. It decodes the CCIR Radiopaging 
Code No.1 (POCSAG Code) at 512 and 4200 bit/s data 
rates. The PCF5001T supports two basic modes of 
operation: 


e In Alert-Only-Pager mode only a minimum number of 
external components are required to build a complete 
tone-only pager. Selection of operating states ON, 


OFF or SILENT is done using a slider switch interface. 


e In Display-Pager mode the state input logic is 
switched to a bus interface structure. Received calls 
and messages are transferred to an external 
microcontroller via the serial microcontroller interface. 
A built-in voltage converter with increased drive 
capabilities can supply doubled supply voltage output, 
and appropriate logic level shifting on microcontroller 
interface signals is provided. 


Upon reception of valid calls one of eight different call 
cadences is generated; upon status interrogation status 
indication tones make the current state of the decoder 
available to the user. 


On-chip non-volatile 114 bit EEPROM storage is provided 
to hold up to four user addresses, two frame numbers 
and the programmed decoder configuration. 


Synchronization to the input data stream is achieved 
using the improved ACCESS algorithm, which allows for 
data synchronization and re-synchronization without 
preamble detection while minimising battery power 
consumption by receiver power control. One of four error 
correction algorithms is applied to the received 
codewords to optimize the call success rate. 


The PCF5001T is fabricated in SACMOS technology to 
ensure low power consumption at low supply voltages. 
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1.2 List of features 


- wide operating supply voltage range (1.5 V to 6.0 V) 

- very low supply current (60 LA typ. with 76.8 kHz 
crystal) 

- extended temperature range -40 °C to +85 °C 

- decodes CCIR Radiopaging Code No.1 
(POCSAG-Code) 

- programmable call termination conditions ° 

- 512 and 1200 bit/s data rates 

- 2400 bit/s data rate* 

- improved ACCESS synchronization algorithm 

- supports 4 user addresses in two independent frames 

- eight different alert cadences 

- directly drives magnetic or piezoceramic bleeper 

- high level alert requires only a single external 
transistor 

- optional vibrator type alerting 

- silent call storage up to eight different calls 

- repeat alarm facility 

- programmable duplicate call suppression 

- interfaces directly to UAA2033T, UAA2050T and 
UAA2080T digital paging receivers 

- programmable receiver power control for battery 
economy 

- on-chip non-volatile EEPROM storage 

- on-chip voltage converter with improved drive 
capability ; 

- serial microcontroller interface for Display Pager 
applications 

- optional visual indication of received call data using a 
modified RS 232 format 

- level shifted microcontroller interface signals 

- alert on low battery 

- optional out of range indication 


* with restricted voltage range (see data sheet 
PCF5001T) 

2. Decoder Module Hardware (PCF5001T) 

2.1 Battery Socket (1 ) 

Two Batteries (size AA) inserted into these sockets are 


used to provide the main power supply for the decoder 
module. 
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b) Alert-Only Pager Configuration 


Fig. 1: PCF5001T Decoder Module 


2.2 Interface Connector (2) 


To allow operation of the decoder module either the test 
and program unit or the receiver module has to be 
connected via this connector. The deceder module is 
switched off otherwise. 


All necessary signals are available at this connector to 


allow programming and operation of the decoder module. 


PIN 1: VDD, main power supply, batteries positive 
side 

PIN 2: RDI, POCSAG data input (PCF5001T DI 
input) 

PIN 3: REN, receiver power control output 
(PCF5001T RE output) 

PIN 4: SR, Status/Reset input (PCF5001T SR 
input) 

PIN5: N.C. 

PIN 6: PRCL, program clock input (PCF5001T PS 
input) 

PIN 7: PRDO, program data output (PCF5001T 
PD in-/output) 

PIN 8: PRODI, program data input (PCF5001T PD 


in-/output) 
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PIN 9: 


PIN 10: 
PIN 71: 
PIN 12: 
PIN 13: 


PIN 14: 


PIN 16: 


PiN 15: 


N.C. 

POFF, display unit power control 

N.C. 

N.C. 

VDD, main power supply, batteries positive 
side ~ 

VBAT, main power supply, batteries 
negative side 

VS, negative power supply decoder circuit 
(PCF5001T VS) 

VS 


2.3 Display Unit Connector (3a) 


If the decoder module is configured as a Display Pager 
this connector is used for interfacing the decoder module 
and the dispiay module. 


The following interface signals are available: 


PIN 1: 
PIN2: 


PIN 3: 
PIN 4: 
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VDD, main power supply, batteries positive 
side 
VDD 
ON, status ON input (PCF5001T ON input) 
OF, status OFF input (PCF5001T OF input) 
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PIN 5: 


PIN 6: 


PIN 7: 


PIN 8: 
PIN 9: 


PIN 10: 


PIN 11: 


PIN 12: 
PIN 13: 


PIN 14: 


PIN 15: 
PIN 16: 


SK, status SILENT input (PCF5001T SK 
input) 

DO, message data output (PCF5001T DO 
output) 

DS, message data strobe output 
(PCF5001T DS output) 

Al, alarm input (PCF5001T Al input) 

BL, battery low indication output 
(PCF5001T BL output) 

FL, frequency reference output (PCF5001T 
FL output) 

VP, voltage converter output (PCF5001T 
VP output) 

POFF, display unit power control 

IE, interface enable input (PCF5001T IE 
input) 

OR, Out-of-Range Output (PCF5001T OR 
output) 

VS, negative power supply decoder circuits 
VS, (PCF5001T VS input) 


2.4 Slider switch (3b) 


A three position slider switch forms the status control of 


an Alert-Only 


Position OFF: 
Position ON: 
Position SILE 


Pager. 


Pin ON is switched to ground (VS) 
Pin SK is switched to ground (VS) 

NT: Pin’s ON & SK are left open (internal 
pull-up resistances) 


2.5 Status/Reset (3c) 


For resetting of alert cadences or status interrogation the 
Status/Reset push-button is used. Switching input SR 


high for a peri 


od greater than the switch debounce time 


activates the status/reset function. 


2.6 L.E.D. Indicator(4) 


The L.E.D. indicator provides visible identification of: 


- Call Rec 


eipt 


- Repeat Alert 


- Out-of-R 


ange indication 


- Alarm input 
- Call data output 


- Start-up 


alert indication 
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2.7 Acoustic Alert Indicator (5) 


The PCF5001T drives an acoustic alerter as a means for: 


- Call Alert indication 

- Repeat Alert indication 

- Status Alert indication 

- Battery Level Low indication 
- Alarm input activation 

- Start-up Alert indication 


2.8 Decoder IC Pin Allocation (6) 


PIN No 


1 
2 
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Allocation 


VP 
CN 


CP 


Description 


voltage converter negative output 
voltage converter shunt capacitor 
- negative 

voltage converter shunt capacitor 
- positive 

main positive supply input 
(common) 

serial data input 

battery sense input 

programming data input 
programming strobe input 
oscillator input 

oscillator output 


-_ scan pass test enable input, 


always low 

alert high level output 
LED output 

receiver enable output 
alert low level output 
motor (vibrator) output 
main negative supply input 
test mode enable input 
(EEPROM) 

interface enable Input 
silent status / mute input 
status alert / reset input 
ON status / ON-OFF input 
alarm input 

battery low output 
Out-of-Range output 
serial data output 

serial data strobe output 


frequency reference output 
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2.9 Interface Enable (OPT1 ) (7) 


In Alert-Only Pager mode the IE input shall have no 
effect, however it is necessary to connect the IE input to 
a valid logical level (VDD). Jumper position is 1-2 for 
Alert-Only Pager mode. 


In Display Pager mode the IE input is activated by an 
externally connected microcontroller. The Jumper 
position is 2-3 or left open. 


2.10 Voltage Converler (OPT2) (8) 


When the Voltage Converter Enable is deactivated the 
voltage doubler circuit shall be made high-impedance 
such that the interface supply, Vpr, may be driven 
externally to reference the level shifters. Jumper position 
2-3 for an external power supply. 


In Alert-Only Pager applications in which the interface is 
not required the Vpr supply must be externally 
short-circuited to the main Vss supply. Jumper position 
1-2 for Alert-Only Pager mode. 


2.11 Oscillator Tuning Capacitor (9) 


This capacitor can be used for tuning the crystal oscillator 
frequency. 


2.12 Oscillator Frequency (OPT3) (10) 

The PCF5001T operates at the following signalling 
speeds dependent upon setting of the Special 
Programmed Function Bits and connection of the 


appropriate crystal for the main oscillator. 


Bit Rate 


















512: bps 32768 Hz 1-2 
512 bps 76800 Hz 2-3 
1200 bps 76800 Hz 2-3 





2.13 Details on Decoder Module Hardware 


The circuit diagram for the PCF5001T decoder and the 
PCB layout can be found in the Appendix A1. 

The decoder module can either be configured as an 
Alert-Only Pager or as a Display Pager. 
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For the Alert-Only Pager module, see fig.1b, a slider 
switch with three positions determines the status of the 
decoder. A push-button is used to do the Status/Reset 
function. 


On the Display Pager module, see fig.1a, slider switch 
and push button are omitted, in this case a connector is 
used to combine decoder module and display unit 


The voltage converter capacitor between pin2 and pins is 
only present if the voltage doubler of the PCF5001T shall 
be used, otherwise these pins are left open. 


The interface connector provides signals for testing and 
programming purposes. To allow programming of the 
decoder module with the test and program unit the 
negative supply voltage is passed through the interface 
connector ST1 pin 14 (VBAT) and pin 15 (VS). 

To program the internal EEPROM of the PCF5001T it is 
necessary to have a supply voltage of 5 V between 

pin4 (VD) and pin 17 (VS) of the decoder IC. The test and 
program unit is able to produce VDD = 5 V during 
programming the EEPROM. During verifying and testing 
the decoder module is supplied from the two batteries 
(VDD = 3 V). If the decoder module is connected to the 
receiver module the supply voltage will be switched on as 
long as the decoder is connected with the receiver 
module. 


me 


3. Test and Program Unit Hardware 


POCSAG Code generation and programming of the 
decoder circuit is easily done with the test and program 
unit. 


The PCF5001T provides three EEPROM arrays totalling 
114 bits for the storage of four USER addresses, address 
enable plus storage of 32 special programmed function 
bits for pager configuration. The three EEPROM arrays 
are programmed within a special program mode during 
which the supply voltage must be at least VPG = 5 V. 


For more information on the test and programming 
hardware please refere to the next chapter: 
OM4718 Pager test and programming. 
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4. Circuit diagram 


INTERFACE CONNECTOR 
CONNEC TOR ; BISPLAY UNIT 


FRRFFEPEPPREEp 


ir 
rr 
fe 
r 
14 
15 
r 


SHORTED | _ALERT-ONLY-PAGER 
fOPenER | _DISPLav-PaceR 





5. Components list 


# Part Form Component type # Part Form Component type 
1 Bl DBAT1 1.5V 14 OPT1 DNET3 
2 B2 DBAT1 1.5V 15 OPT2 DNET3 
3 Cl ELCO267  10uF/4V 16 OPT3 DNET3 
4 C2 CRU2S 2..27p 17 Qi R1206 32768 
5 C3 C1206 1O0ONF 18 Q2 R1206 76800 
6 Dl SOT23 BAS16 19 R1 R1206 4M7 
7 Ici SO28F PCF5001T 20 R2 R1206 560E 
8 Ll LOCH 21 R3 R1206 560E 
9 L2 LOCH 22 Sl DNET4 MFP130 
10 L3 LOCH 23 S2 DTAST1 
11 L4 LOCH 24 ST1 D3M16 ANSLEY HAAKS-16P 
12 LED1 CRM2B HMP1385 (RED) 25 sT2 D3M16 ANSLEY HAAKS~16P NIETM 
13 LSP1 BUZZER QMB111 26 TL SOT23 BC848 
27 T2 SOT23 BC848 
a 
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6. Board Lay-Out 


PHILIPS POCSAG Decoder PCF5@e1T O 
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1.The Demonstration System 


The Pager Demonstration System originally was 
designed to show a typical pager application with the 
UAA2033T VHF Paging Receiver and the PCA5000T 
POCSAG Paging Decoder. Since its introduction a 
number of other pager circuits have been developed: the 
UAA2050T UHF/VHF Pager Receiver, the PCF5001T 
POCSAG Decoder and recently the UAA2080T UHF/VHF 
Pager Receiver. For all these products demonstration 
boards have been made which fit into the original 
concept. 


2. Introduction to Concept 


By combining a receiver with a decoder and a few 
additional components a beep-only (alert-only) pager can 
be built. The decoder then serves as pager controller 
(message decoding, keyboard interface, alert signal 
generation). For a display pager application a 
microcontroller interface is provided by the decoder to 
allow for easy control and call information transfer to the 
microcontroller of a display section. 

A modular structure has been chosen to allow for quick 
and easy exchange of modules. The module 
configuration is shown in fig. 2-1. 






Receiver 
Module 






















CD: ol 
Decoder Display | 
Module Unit | 











Test and 
Program Unit 








Fig. 2.1 Paging Demonstration System 


The paging demonstration system comprises of four 
modules: 


- Receiver Module (UAA2033T, UAA2050T, UAA2080T) 
- Decoder Module (PCA5000(A)T, PCF5001T) 

- Display Unit 

- Test and Program Unit. 
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Receiver Module 


The receiver module converts the FSK-modulated RF 
input signals into a binary data stream, which is then 
passed to the decoder module. The UAA2033T/2050T 
receivers operate according to the "Offset Receiver" 
principle, while the VAA2080T uses the "Direct 
Conversion" or "Zero-|F" method. The receive frequency 
is determined by a crystal oscillator. 


Decoder Moduie 


The decoder operates on the data stream presented by 
the receiver. The decoding algorithm is based on the 
rules of the POCSAG transmission code (i.e. CCIR 
Radiopaging Code No.1). If the decoder detects a valid 
call, appropriate call alert cadences will be generated and 
call information is output via the microcontroller interface. 
It also controls the power-down mode of the receiver: 
depending on the synchronization state of the decoder it 
only switches on the receiver when needed. This is 
possible because of the POCSAG "batch" transmission 
scheme. 


The PCAS5000(A)T decoder has a built-in SRAM section 
to hold its RIC and configuration information. This 
requires an external backup battery. The PCF5001T 
decoder uses EEPROM to store its address and 
configuration data. 


The decoder module supports two applications: Display 
pager and beep-only (alert-only) pager. The choice is 
made by putting the right components on the board and 
by appropriate programming of the device. 


Display Unit 


Until now, no Display Unit demoboard has been produced 
for use with the demonstration system. Consequently, the 
description of the display unit is not part of this document. 
When a Display Unit demoboard becomes available, it 
will be described in a separate report. 


Test and Program Unit 
The Test and Program Unit can serve three purposes: 


The first is to replace the receiver module and to supply 
POCSAG coded data directly to the decoder module. 
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This provides a means for testing and demonstration of 
the decoder features in areas, where no suitable paging 
services are on the air. In this case, the Test and Program 
Unit can "transmit" calls, which are recognized by the 
decoder and thereby cause alert cadences to be 
generated. Message types include alert-only, numeric 
and alphanumeric at 512 or 1200 baud.. 


The second purpose is to provide the above mentioned 
POCSAG coded data to an RF-generator for generating 
an FSK-modulated signal. This in turn can be fed to the 
receiver module using a cable or an antenna. The 
demodulated data signal can then be processed by the 
decoder module. 


The third purpose of this unit is to serve as a programmer 
for the Receiver Identification Codes (RIC) and the 
configuration bits (SPF) of the decoder module. In this 
case, the unit performs all necessary program interface 
handling, program data transfer and verification procedu- 
res. User switches are available to select either the 
PCAS5000(A)T or the PCF5001T decoder. 


3. Test and Program Unit 
3.1 Overview of Operation 


The Test and Program Unit (hereafter: TPU) is able to 
program the Philips POCSAG decoder circuits (both 
PCA5000(A)T and PCF5001T are supported) as well as 
generate a POCSAG coded signal for testing purposes. 
Complete POCSAG calls can be transmitted of which the 
call address, call type, message contents and data rate 
are under control of the user. The POCSAG coded signal 
can be passed directly to the decoder module. 
Alternatively, it can be used to modulate an RF-signal 
which is then fed to a receiver module via cable or 
antenna. 


The TPU hardware was designed to operate in one of 
two basic modes: 


- Stand alone Mode 
Switches located on the PCB are used to control the 


TPU. Two modes of operation are available: Test Mode 
and Program Mode. In Test Mode the user can select 
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fixed POCSAG calls for transmission (all call types are 
supported). In Program Mode fixed pager configuration 
data (selected via switches) can be programmed into the 
decoder and verified. The execution of a selected 
function is indicated to the user by a LED indicator. 


- Terminal Mode 


An RS232 interface is available to support a Terminal 
Mode, but this mode is not supported by the current 
software (v.3.3 and below). 


This document only describes the operation of the TPU in 
Standalone Mode. The user must make sure that 
Configuration Switch (8-1) is in the OFF position at 
power-on or manual reset (see section 3.3.8). 


3.2 Pager Configurations 


When used in Program Mode (selected by the Mode 
Switch, see section 3.3.13) fixed pager configurations 
can be programmed into the internal Special Function 
(SPF) memory of the selected decoder. Some settings 
can be controlled by means of the Configuration Switch 
on the board (see section 3.3.8). The following 
configurations are available: 


PCA5000(A)T Configuration: 


The addresses used are: 


RIC A:2468 (Dec) = 9 A4 (Hex) in frame 4 
RIC B:12468 (Dec) = 30 B4 (Hex) in frame 4 
SPF settings: 

SPFO1: X mode select: Alert-Only (0), Display Pager (1) 
SPFO02: 0 voltage converter enabled (SPFO1 = 1) 
SPFO3: 0 1-bit error correction on message codewords 
SPF04: 0 -spare- free for user application 

SPFO5: 0 silent override enabled on RIC B (FC = 01 or 


10) (SPFO1 = 1) 
SPFO6: 1 silent override enabled on RIC A (FC = 10) 


Note: In Alert-Only mode (SPFO1 = 0) silent override is 
enabled for all call types on RIC B, regardless of 
the setting of SPFO5. 
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PCF5001T Configuration: 


The addresses used are: 


RIC A: 2468 (Dec) = 9A4 (Hex) in frame 4 

RIC B: 12468 (Dec) = 30B4 (Hex) in frame 4 

RIC C: 799118 (Dec) =C318E (Hex) . in frame 6 

RIC D: 116358 (Dec) = 1C686 (Hex) in frame 6 

SPF settings: 

SPFO1: X mode select: Alert-Only (0), Display Pager (1) 

SPFO2: X_ bit rate: 512 bps (0), 1200 bps (1) 

SPFO3: 0 crystal select: 32768 Hz for 512 bps, 
76800 Hz for 1200 bps 

SPF04: 1 receiver establishment time: 16 bits duration, 
corresponding with 31.1 ms (512 bps), 

SPF05: O 13.3 ms (1200 bps) 

SPFO6: 0 duplicate call suppression time-out period and 
Out-of-Range 

SPFO7: 0. hold-off time: 30 seconds 

SPFO8: 0 voltage converter disabled 

SPFO9: 0 silent override on RIC C disabled 

SPF10: 1 silent override on RIC D enabled 

SPF11: 0 vibrator output OM disabled 

SPF12: 1 call termination after 2 consecutive 
uncorrectable codewords 

SPF13: 1 and numeric message deformatting on 
FC = 00 only 

SPF14:1  duplicatecall suppression enabled 

SPF15: 1 Out-of-Range indication on OL enabled 
(SPFO1 = 0), hold-off time enabled 
(determined by SPFO6 and SPFO7) 

SPF16: 1 repeat alert enabled 

SPF17: 0 call data output on OL disabled 

SPF18: 0 _spare_ free for user application 

SPF19: 0 must always be zero 

SPF20: 0 _spare_ free for user application: 

SPF30:0 _spare_ free for user application 

SPF31:0 alerter frequency 2048 Hz 

SPF32:1 frequency reference output on FL: 32768 Hz 
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3.3 Hardware Description 


In the following sections the hardware of the TPU is 
described as shown in fig. 3-1. Each component has 
been given a number for easy reference. 
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Fig. 3 3-5 Bagel Test & Program Unit Hardware 
3.3.1 Power Supply Connector (1) 


The TPU operates from a single supply voltage of 5 volts. 
The TPU will sink 40-50 mA (CMOS EPROM) or 

80-100 mA (NMOS EPROM), without any other module 
connected. A 2-pin bandcable connector is provided for 
power connection. 

Note: No protection is provided against reversing the 
supply polarity! The supply connector pin closest 
to the RS-232 connector is GND or the negative 
supply side. 


3.3.2 Terminal Connector (2) 
This RS232 connector is intended for use in Terminal 


Mode only. The Terminal Mode is not implemented in the 
current software (v.3.3 and below). 
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3.3.3 POCSAG Data Output (3) 


In Test Mode this output provides POCSAG data at true 
TTL-Level: Logic "1" corresponds to HIGH level and 
Logic "0" to LOW level. A jumper (18) has been provided 
for selecting the signal polarity (POCSAG or POCSAGN). 
Instead of the mounted SMB-connector.a BNC-type can 
also be installed. 


The output signal is not suitable for driving the receiver 
module directly. An RF-generator with TTL-Level input 

may be mocuiated with this signal. The POCSAG Data 
Output will not be active in Program Mode. 


3.3.4 RESET pushbutton (4) 


Pressing the RESET pushbutton initializes the TPU. After 
selection of the basic operation mode (Terminal or 
Standalone Mode) with Configuration DIP Switch (8-1), it 
is necessary to reset the TPU. This can be achieved with 
the RESET pushbutton, without the need for 
disconnecting the power supply. 


3.3.5 LED Indicator (5) 


The LED is used for acknowledgement to the user in the 
Stand-alone Mode (no action in Terminal Mode). In 
general one flash will occur after execution of a selected 
function or after changing the operating mode (Test to 
Program Mode or vice versa). The LED will also signal a 
reset. 


If the Verify function (10) is activated in Program Mode 
(16) the LED will signal success or failure of verification: 


Single flash: signals that the configuration data read 
from the decoder’s RAM or EEPROM 
correspond with the data expected by the 
TPU ("Decoder Data OK"). 


Double flash: signals that a mismatch was found 
between the decoder’s RAM or EEPROM 
data and the data expected by the TPU 
("Decoder Data Error"). 
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3.3.6 Decoder Module Connector (6) 


Via this connector the decoder module can be attached 
to the TPU. This connection is required if the decoder 
RAM or EEPROM data are to be programmed or verified 
in Program Mode. In Test Mode the decoder module may 
be connected via this connector to allow direct POCSAG 
data transfer to the decoder. When an RF-signal 
modulated with POCSAG data is available the decoder 
will be connected to a receiver module for POCSAG data 
reception. 


3.3.7 Logic Reference Option (7) 


For flexible interfacing to the decoder module the logic 
reference for HIGH level can be selected using jumper 


(7). 


Option |: HIGH level reference is VDD from the decoder 
module. VDD is the positive battery supply 
voltage. 

Option Il: HIGH ievel reference is VD from the decoder 
module. VD is the actual supply voltage of the 
decoder. This is the default setting. 


In case of the PCA5000(A)T decoder board, VD is one 
diode voltage below VDD. Therefore, Option II should be 
selected for proper programming of the PCA5000(A)T. 
For the PCF5001T decoder board (OM4706) there is no 
preference, since both VDD and VD are connected to the 
positive battery terminal (no protective diode). 


3.3.8 Configuration DIP Switch (8) 


DIP 1: Basic Mode: This switch selects the basic 
mode of the TPU. The setting of this switch will 
be recognized only after a reset (4) or power- 
on reset. 

ON: Terminal Mode 
OFF: Standalone Mode (default) 


DIP 2: Decoder Type. While operating in Program 
Mode the switch is used io select the decoder 
type, for proper programming and verification 
of the connected decoder. During Test Mode 
no function is applied. 

ON: PCASO00(A)T 
OFF: PGFS00T 1 
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DIP 3: Data Rate: While operating in Test Mode the 
switch is used to select the employed data rate 
for POCSAG data transmission. In Program 
Mode this switch only has a function for the 
PCF5001T: it sets bits SPFO2 and SPF0O3 
according to the selected data rate (512 baud: 
32768 Hz crystal, 1200 baud: 76800 Hz 
crystal). The option 512 baud with 76800 Hz 
crystal is not available. 

ON: 512 bps 

OFF: 1200 bps 

DIP 4: Decoder Basic Mode: While operating in 
Program Mode the switch determines whether 
the decoder will be programmed as an Alert- 
only pager or as a Display pager. No function 
is applied while operating in Test Mode. 

ON: Alert-only pager 

OFF: Display pager 

DIP 5,6: Call Address (RIC): During Test Mode these 
switches select the used call address, when a 
call is transmitted by the TPU. They also select 
the message that will be used when a numeric 
or alphanumeric call is generated (see 3.3.11). 
No function is applied while operating in 
Program Mode. 


DIP 5 DIP 6 Address 

ON ON RICA 

ON OFF RIC B 

OFF ON RIC C (PCF5001T only) 
OFF OFF RIC D = (PCF5001T only) 


DIP 7,8: No function 
3.3.9 Pushbutton PROG (9) 


When operating in Program Mode this key is used to 
program the decoder module. Only fixed RAM or 
EEPROM data are available. The decoder will be 
programmed according to the setting of the Configuration 
DIP Switch (8). The LED indicator (5) is activated during 
programming. No function applies when operating in Test 
Mode. 
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3.3.10 Pushbt#&ton VER (10) 


This key activates the Verify function when Program 
Mode has been selected. It is used to check decoder 
RAM or EEPROM data for proper setting. The decoder 
data will be compared with the fixed configuration data 
stored in the TPU. The Configuration DIP Switch (8) is 
used to select the pager configuration to be verified. The 
LED indicator (5) will signal success (one flash) or failure 
(double flash) of the verification. No function applies 
when operating in Test Mode. 


3.3.11 Pushbuttons CALL1 (11) to CALL4 (14) 


For testing purposes POCSAG calls can transferred to 
the decoder, either directly via (6) or indirectly via (8). 
While operating in Test Mode 16 different POCSAG calls 
can be inserted into the continuous POCSAG data 
transmission. Configuration DIP Switches (8-5,6) 
determine which address shall be used and which of the 
fixed messages shall be used for numeric or 
alphanumeric calls. 


The addresses are selected as shown in section 3.3.8 
and are defined as follows: 


RIC A: 2468 (Dec) = 9A4 (Hex) _ in frame 4 

RIC B: 12468 (Dec) =30B4 (Hex) in frame 4 

RIC C: 799118 (Dec) =C318E (Hex) in frame 6 
(PCF5001T only) 

RIC D: 116358 (Dec) = 1C686 (Hex) in frame 6 
(PCF5001T only) 
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The following calls can be issued by pressing the 
appropriate pushbutton: 


CALL1: Numeric call 
Function code: 00 binary 
Message (RIC A/C): 49-40-54007-0 
Message (RIC B/D): 2468-12468 


CALL2: Beep-only call 
Function code: 01 binary 
Message: none 


CALL3: Beep only call 
Function code: 10 binary 
Message: none 


CALL4: Alphanumeric call 

Function code: 11 binary 

Message (RIC A/C): 
“Hello, call your wife at home! - Testmessage:" 
“The quick brown fox jumps over the lazy dog" 
"Display with 120 characters!" 

Message (RIC B/D): 
"PHILIPS Integrated Circuits for POCSAG 
Paging Systems" 
"Software Version 3.1" 


No function occurs when operating the TPU in Program 
Mode. 


3.3.12 Pushbutton (15) 
No function implemented. 
3.3.13 Mode Switch (16) 


This switch selects the Test Mode or the Program Mode 
of operation. 


Program Mode (switch position 'PROG’): 


Upon switching into Program Mode the generation of 
POCSAG data will be aborted and the interface signals to 
the decoder will be made three-state (high impedance). 
The decoder module will remain under power, when 
connected to the TPU with batteries inserted into the 
decoder module, because of the state of the provided 
relay (RL401, see circuit diagram #4 in Appendix D). 
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Pushbuttons PROG (9) and VER (10) can be used to 
program respectively verify the decoder’s RAM or 
EEPROM memory. During programming or verifying the 
decoder will be switched off briefly to enter and leave the 
Program Write or Program Read mode of the decoder. 
The program interface signals to the decoder will be 
enabled, as soon as the Program or Verify function is 
activated. 


TestMode (switch position 'TEST’): 


Switching into the Test Mode will enable generation of 
POCSAG data.The POCSAG data interface signals to 
the decoder will be enabled to allow continuous data 
transfer. The decoder module will be under power, when 
connected to the TPU with batteries inserted into the 
decoder module, because of the state of the provided 
relay (RL401, see TPU circuit diagram #4). The 
transmission of POCSAG data will start with a preamble 
(576 bits) followed by batches filled with idle codewords, 
each batch being preceded by a synchronization 
codeword. Upon pushing one of the four buttons CALL1 
(11) to CALL4 (14) the associated POCSAG call will be 
inserted into the data stream. 


3.3.14 Oscillator Adjust (17) 


A variable capacitor is provided to allow adjustment of the 
microcontroller crystal to calibrate the transmission data 
rate. 


3.4 Preparation and Operation 

Connect a power supply of 5 volts to the TPU via 
connector (1), see fig. 3-1. Before switching on make 
sure that the supply polarity is not reversed, since no 
protection is provided. The TPU should sink a current of 
typ. 40-50 mA (CMOS EPROM or 80-100 mA (NMOS 
EPROM), without any other module connected. 

3.4.1 Terminal Mode 

Not implemented (software v.3.3 and below). 


3.4.2 Standalone Mode 


The Standalone Mode will be entered, when 
Configuration DIP Switch (8-1) is set to OFF position 
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(Basic Mode = Standalone) and a reset is actuated. 
A single flash of the LED (5) will signal that the 
Standalone Mode has been entered. 


3.4.2.1 Decoder Programming and Verification 


Connect the decoder module to the TPU*via the decoder 
module connector (6). Insert batteries into the decoder 
module in order to make it operational. After selecting the 
Program Mode with the Mode Switch (16) and setting of 
the Configuration DIP Switch (8), the decoder 
RAM/EEPROM data can be programmed and verified. 
The LED indicator (5) will acknowledge that the Program 
Mode had been entered. The Configuration DIP Switch 
(8) determines the selected decoder type and the 
decoder basic mode. 


Upon pushing the Program button (9) the decoder will be 
programmed. The LED indicator (5) will acknowledge 
after completion of program operation. 


Upon pushing the Verify button (10) the decoder 
RAM/EEPROM data will be verified. A single flash of the 
LED indicator will signal successful programming and a 
double flash will signal a programming failure. 


Note: For correct verification no settings of the 
Configuration DIP Switch (8) may be changed 
between programming and verifying the decoder. 


3.4.2.2 POCSAG Signal Generation 


By selecting the Test Mode with the Mode Switch (16), 
generation of a POCSAG coded signal will be started. 
Data rates of 512 bps and 1200 bps can be selected 
according to the setting of the Configuration DIP Switch 
(8). Upon switching into Program Mode, generation of a 


POCSAG coded signal will be aborted. The LED indicator 


(5) will acknowledge when the Test or Program Mode is 
entered. 


Generation of the POCSAG coded signal means that a 
preamble (576 bits) is transmitted, followed by batches 


filled with idle codewords , each batch being preceded by 


a synchronization codeword (see chapter Ill, pager 
system aspects for details on the POCSAG code 
structure). 
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The POCSAG coded signal is supplied to the user via the 
general purpose POCSAG data output (3) at TTL-Level, 
or directly to a connected decoder module via the 
decoder module connector (6). The signal polarity on 
connector (3) can be selected by means of jumper (18). 


POCSAG calls can be transmitted, if one of the four 
pushbuttons CALL1 (11) to CALL4 (14) are pressed. 
Pushbutton CALL1 (11) will transmit a numeric call, 
pushbuttons CALL2 (12) and CALL3 (13) will send beep- 
only calls and push- button CALL4 (14) will issue a 
alphanumeric call. The LED indicator will acknowledge if 
the POCSAG call had been inserted into the continuous 
POCSAG data stream. Call address and call message 
contents are determined by the Configuration DIP Switch 
setting (8), see section 3.3.8. For address values and 
message contents see section 3.3.11. 


3.5 Troubleshooting 


Several conditions may arise, which seem to indicate 
equipment malfunctioning. A number of these conditions 
are listed below with the appropriate actions. 


- No acknowledge by the LED indicator (5): 
Make sure the Standalone Basic Operating Mode was 
selected by the Configuration DIP switch (8). The LED 
indicator is active_in Standalone Mode only and will 
not acknowledge for Terminal Mode. Consider that the 
pushbuttons PROG (9) and VER (10) are active in 
Program Mode, and pushbuttons CALL1 (11) to 
CALL4 (15) are active in Test Mode only. 


- The decoder module cannot be programmed or 
verified: 
Check for a correct connection between the decoder 
module and the TPU via the decoder module connec- 
tor (6). Make sure Program Mode is active (16), the 
appropriate decoder type and decoder basic mode 
were selected (8). Verify that and the decoder module 
is under power (batteries must be inserted into the 
decoder module). Check that the decoder module is 
operating, e.g. by generation of a status cadence. 
Check the battery condition with a voltmeter (min. 
supply voltage is 2.0 Volt for correct programming). 
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The decoder module does not operate after 
programming a new configuration: 

Check for correct programming by a verify operation 
(10). Make sure the appropriate decoder Basic 
Operating Mode was selected while programming 
(Configuration Switch 8-4). Note that a decoder 
module with hardware configured for’an Alert-only 
pager will not work properly when if it is programmed 
for Display pager application and vice versa. 


The PCF5001T decoder module (OM4706) 
generates alert cadences at a wrong frequency 
and with wrong timing: 

Check that the crystal frequency used (OPT3 jumper 
on the OM4706) matches the Data Rate programmed 
into the decoder (Configuration DIP Switch 8-3): 
32768 Hz for 512 bps and 76800 Hz for 1200 bps. 


Calls transmitted are not recognized by the 
decoder module: 

Make sure that the connection between the decoder 
module and the TPU is correct, if the decoder module 
is connected directly. 


When the decoder module is used in combination with 
a receiver module, check the connection between the 
general purpose POCSAG data output (3) and the 
RF-Generator as well as the connection between the 
receiver module’s RF-Input and the RF-Generator. 


Verify that the TTL-Level and the polarity of the 
POCSAG data on output (3) are suitable for 
modulation of the RF-Generator. If necessary 

the inverted (POCSAGN) signal can be selected using 
jumper (18). 


Verify the FM transmitter frequency, the deviation 
(4 or 4.5 kHz) and the RF output level. It is assumed 
that the receiver module has been properly tuned. 


The Data Rate selected for call transmission 
(Configuration DIP Switch, 8-3) should match the 
configuration programmed into the decoder. Make 
sure that the decoder is not in OFF state (check status 
cadence) and not in an Out-of-Range condition (Out- 
of-Range LED on decoder board flashing at 1 second 
intervals). For fast synchronization of the decoder, the 
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TPU can be switched to Program Mode and then back 
to Test Mode. This will initiate the transmission of a 
preamble, causing the decoder to synchronize 
immediately and subsequent calls to be recognized. 
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4. Changing user addresses and configuration bits 


The OM4718 software (version 3.3) does not support a Terminal mode of operation, which would allow downloading of 
user addresses, configuration bits and message contents. This has proved to be a handicap for many users of the 
system. Therefore, the following sections will describe how to modify those sections of the EPROM code of the 80031 
microcontroller where user addresses (RICs) and configuration bits reside. Also, the internal representation and location 
of the fixed message texts will be discussed. 

The EPROM contents can be changed manually using an EPROM programmer or by changing the Intel Hex file. In the 
latter case the checksum at the end of each modified line must be re-calculated to avoid transfer errors. j 

The information in this section only applies to software version 3.3, 22 may 1991. 


4.1 Modifying user addresses 
4.1.1 Internal representation of RICs 


The user addresses (RICs) are handled by the following software statements: 


opcode instruction description 

Tee SR MOV A,#data8 get byte ‘xx’ of address 

G0. apy Ze MOV DPTR, #adr16 load data pointer with external RAM address ‘yyzz’ 
FO MOVX @DPTR,A write byte to external RAM 


The fixed RICs are represented differently in the software, depending on the mode of operation (Test mode or Program 
mode). In Test mode the RIC is represented as a 3-byte hexadecimal number. For programming a 21-bit RIC (A00..A20, 
AQO=MSB) is represented as an 18-bit address (A00..A17) followed by a 3-bit frame number (FRO..2, FRO=MSB). 


RIC (dec) RIC (hex) RIC (0..17, hex) Frame (0..2,_bin) 
A: 2468 00 09 A4 00 O01 34 100 (=4 dec) 
Be: 12466 OG: 30° .B4 00 06 16 100 # 
Cae “TOO lee OC Sok Oey GG: ek Lio. (26 dec) 
De, LLE3se Oe 6.6 0G 38 DO ateare 6) ss 





For proper operation of the OM4718 it is imperative that both internal representations of the RICs are modified correctly. 
Please note that the frame bits for the PCF5001 RICs are stored in inverted order! 
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4.1.2 EPROM locations of RICs for Test mode 


For Test mode the RICs can be found in the EPROM on the following locations: 








ROM addr opcode description 

RIC As LDp4A 714 Ad i MOV A,#LS byte 
1DDA 74 09 middle byte 
LBEO 74 00 MS byte 

RIC B: 1840 74 BA4 is byte 
1E46 Ta 3 middle byte 
1E4C 74 00 MS byte 

Rae tes EBS La SE LS byte 
1EBB TE 3d middle byte 
teat 7A. UC MS byte 

RUE 198 LZ | 74 86 LS byte 
LE27 qe C6 middle byte 
1F2D 7a. O1. MS byte 


OM4718 EPROM contents (version 3.3) 


Format: Intel Hex 

Part: RiCs for Test mode 

>: LOLDDOOOLC8E406C74A4900080F07409900081 F017 Test mode: RIC A 
:LOLDEOQO07400900082FO0E53F90218DF828287380E0 
-LOU- DEOQOUOADS GUUSSE4EO7 S3AZ LISS BESS C00 TS 22 
> LOLEOO003D85121C9A900084F08033900083740109 
P1OLELODOUPOSOOUSG4ZE4POS026/7/402900083F090003B 
rLOLEZOQCUS4RAPU SOLS TAZ03900063F07 53422753 3RC6 
tLOLTES 000007 53CO07S3DE5121C9A9S000SG4ZFOSOC6A04 
:101E400074B4900080F07430900081F074009000C1 Test mode: RIC B 
PLOLESOUUSQFPORS3F90219CF8282673.804D90006304 

SO UE OUUGEAZEP US 3AZ lL /S3 BPS 753C007 53 De51 21013 
:LOLET7OOOC9SAI00084F080339000837401F090008485 
:LOLE8Q000EF4FO080267402900083F0900084E4F080F7 

~TOLEQOUOUOLS 7203900063 F U7 53A07 /53RB797S3C0004 

TLOLTHAQCO7 53 D85L21C9A9000S4FO0021TFSB/53A20B4 
:LOLEBOOO121C8E406C748E900080F0743190008102 Test mode: RIC C 
:LOLECOOQOFO740C900082FOE53F9021ABF828287365 

“TOLEDO QOUSODZDOUOUCSE4ZEFO/53A21 7 53BE7753C0036 
PLOLTEREOOOTS3D65).21C9A90U00UCZEUSU 339000837455 
>LOLEFOOOOLFOI00084E4F080267402900083F0905A 
*1TO1TFOQ000084E4F080197403 900083 F0753A227520 
PLOLPILOOOUSBUOU/S3COOTSS DES LOICIASOUOUS4ZFOSO52 
:LOLF2ZQ0006AT7486900080F074C6900081F07401900D Test mode: RIC D 




















1994-07-14/AN94048 VI - 30 


Philips Semiconductors Pager Applications Handbook 


Pager development tools and materials OM4718 Test and programming unit 


4.1.3 EPROM locations of RICs for Program mode 


In Program mode the RICs are separately stored for the PCA5000(A) and for the PCF5001 decoder. 
PCA5000(A): 


ROM addr opcode description 
RIC A: LFBA Tay 34 MOV A,#LS byte 

TPCO ee el middle byte 

LFC6 74 00 MS bits (bit 7:A00, bit 6:A01) 
RIC B: 1FcCc 74 16 LS byte 

1FD2 14: 06 middle byte 

1LFD8 AEG) MS: bate {bore 7rA00>». bit 6-A01) 
Frame: LFDE 74 04 frame nr. (LS nibble) 





The lower 3 bits of RIC A and B contain the (common) frame number represented as FRO..2, FRO being the most 
significant bit. These bits are stored in the lower nibble of the frame number byte as follows: bits 2..0 = FRO..2. 





PCF5001: 

ROM addr opcode description 
RIC A: 203B fas 34 MOV A,#LS byte 

2041 74. 01, middle byte 

2047 Fee, 00 M6. Dies. “(ome fyA0O, -—BLe 62 A01) 
RL cB 204D 74 16 LS byte 

2053 74 06 middle byte 

2009 Ta. 00 MS. Rts. {Bne 7eAQ0> pit b2A0 1) 
Ries Z205E Ta. oe LS byte 

2065 74 86 middle byte 

206B 74 40 MS bres (oat 720004 bat. 6sA0L) 
Rove Ds ew aA 74 DO LS byte 

ZO 74 38 middle byte 

ZO0FD Fh. OO MSc bite Cort 7eA0Gy pave 6 A07) 
Frame: 2083 Pas, Sil frame nr. (A/B: LS nibble, C/D MS nibble) 


The lower 3 bits of RICs A and B contain the (common) frame number represented as FR10..12, FR10 being the MSB. 
These bits are stored in the lower nibble of the frame number byte as follows: bits 2..0 = FR12..10 (order is reversed !!). 


The common frame number of RICs C and D is represented by FR20..22, FR20 being the MSB. These bits are stored in 
the upper nibble of the frame number byte as follows: bits 6..4 = FR22..20 (order is reversed !!). 
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OM4718 EPROM contents (version 3.3) 


Format: Intel Hex 
Part: RICs for Program mode 


:LOLFBOOOE4ZFO800674029000FEFO74349000FFFOAC PCA5000: RIC A 
:101FC0007401900100F07400900101F0741690010A PCA5000: RIC B 
>: LOLFDO0002F07406900103F07400900104F07404A0 PCA5000: frame 





> LOLFEOOO900105F0753A08121C8EB3 400874849075 
:LOLFFOOOOL06F080067404900106F0752C00752D22 
PIUZOOUCOPEUZL ESOP SS CHOSE 902 LOOP SZ OU eS Ia 73 
SLUZ0T00USCUZG0IA/ S3CULS OUD SSCOLB0U STS 5CEeS 
s 0202000028003 /53C0Z02Z20FDESSBR401 079001 EC 








:L020300007E4F080067402900107F0743490010800 PCE SOGLS RL A 
>: LO2Z04000F07401900109F0740090010AF074169088 PCPSOOLS RIC By 
:10205000010BF0740690010CF0740090010DF07407 

:102060003190010EFO748690010FF07440900110D1 PErSUULS REC C 
:10207000F074D0900111F07438900112F074009057 PERSOOLs REC.) 
>102080000113F07431900114F0753A08121C8EB3EC PCrSOULS trames 


4.2 Modifying decoder configurations 
4.2.1 Internal representation of SPF bits 


The SPF configuration bits are handled by the following software statement: 


opcode instruction description 


Te. x MOV A, #data& get byte ‘xx’ of the configuration array 


The internal representation of the SPF bits is different for the two decoder ICs. 
PCA5000(A): 


The 6 SPF bits are stored in configuration byte Dconfig, of which the lower 2 bits are not used (value: '0'): 
DeCNL iG. = SPE OLeVUG (MSR SPP Oy, AO a0" 


The standard contents depend on the actual DIP switch settings: 


Dconfigl = 04 Hex | alert-only 
Dconfigl = 84 Hex | display 
PCF5001: 


The 32 SPF bits are stored in configuration array Econfig (4 bytes): 








Econfig_0 = SPF0O1..08 (MSB: SPFO1) 
Econfig_1l = SPFO9..16 (MSB: SPFO9) 
Econfig 2 = SPF17..24 (MSB: SPF17) 
Feonftig_3 = SPFP25..36 (MSB: SPF25) 
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Standard contents are: 


Econfig_0 = Econfig_OA = 90 Hex (512 bps / alert only) | depends 
Econfig_0 = Econfig_0OB = DO Hex (1200 bps / alert only) | on actual 
Econfig_0 = Econfig_0OA = 10 Hex (512 bps / display) | DIP switch 

= (1200 bos / display) | settings 


Econfig_0 = Econfig_0OA = 50 Hex 
Econfig_1 = 5F Hex | : 
Econfig_2 = 00 Hex | fixed 
Econfig_3 = 01 Hex | 


4.2.2 EPROM locations of SPF bits 


The configuration bytes can be found in the following EPROM locations: 





PCA5000(A): 

ROM addr opcode description 
Deontagi: “FES 74 04 SPF bits 1..6 (alert only) 
DEeGniid)?: “LRRD 74 84 SPF bits 1..6 (display) 
PCF5001: 

ROM addr = opcode description 
Econfig 0A : 209A yao OO SPF bits 1..8 (512 bos / alert only) 
ECONE LG. 0B. + 20A2 74 DO SPF bits 1..8 (1200 bos / alert only) 
ECOnt1g.0C * 20B2 oe al SPF bits 1..8 (512 bos / display) 
Heontig: 0D 20BA 1a 50 SPF bits 1..8 (1200 bps / display) 
ECONEIG2 i. -¢ Z0C0 74 5F SPE bars 256 ‘ 
Beonirg 2-3 20C6 74 00 CPP bree: dye. 
BOONE UG. 3°. VOCE Ya: al SPR voles 25a <32 
OM4718 EPROM contents (version 3.3) 
Format: Intel Hex 
Part: SPF bits PCA5000(A) 
>: 101FE000900105F0753A08121C8EB3400874849075 Deonfig2 
>: LOLFFOO000106F080067404900106F0752C00752D22 Deonfigl 
Format: Intel Hex 
Part: SPF bits PCF5001 
>102090004018753A04121C8E40087490900115F097 Econfig_0A 
:1020A000800674D0900115F08016753A04121C8ECB BCOntLg: 08 
>1020B00040087410900115F080067450900115F0DE Econfig_0C/0D 
>1020C000745F900116F07400900117F07401900194 HeOnELe JL/ 2/3 
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4.2.3 SPF bit functionality overview 

This paragraph presents an overview of the SPF bit functionality in both the PCA5000(A) and the PCF5001 decoder. 
The default values used in the OM4718 software version 3.3 are given. Where relevant the controlling DIP switch is also 
indicated. A DIP switch position 'ON' corresponds with a logical value '0'. 


PCA5000(A): 


Bitname Default Function 
SPFO1 DIP4 Alert only (0) / Display Pager (1) 


SPFO02 0 Voltage doubler enable (1 = ON, only when SPF01=1); 
selects alert cadence 1 for FC = 11 
SPFO3 0 Message codeword error correction method 
(0 = 1-bit random, 1 = 4-bit burst on RIC B, FC = 00/11) 
SPF04 0 spare 
SPFO05 0 Silent override on RIC B, only when SPFO1=1 
(0 = for FC=01/10, 1 = for FC=00/11) 
SPFO6 1 Silent override on RIC A, FC=10 (1 = enabled) 
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PCF5001: 


Bitname Default Function 
SPFO1 DIP4 Alert only (0) / Display Pager (1) 
SPF02 DIP3 baudrate selection: 512 bps (0), 1200 bps (1) 


SPF03 0 crystal selection: 32768 Hz (0), 76800 Hz (1, X if SPFO2=1) 
SPF04 1 Rec. Establ. time-select (MSB) 
SPFO5 0 Rec. Establ. time select (LSB) 
SPFO06 0 Hold Off time select (MSB) 
SPF07 0 Hold Off time select (LSB) 
SPF08 0 Voltage doubler enable (1 = ON, only when SPF0O1=1) 
SPFO9 0 Silent override on RIC C (1 = enabled) 
SPF10 1 Silent override on RIC D (1 = enabled) 
SPF11 0 Vibrator enable (1 = ON) 
SPF12 1 Call termination method (0 = combination, 1 = acc. to SPF13) 
SPF13 1 Numeric deformatting / Call termination method 
(0 = always / 1 erron. cw, 1 = only on FC=00 / 2 erron. cw’s) 
SPF14 1 Duplicate call suppression (1 = enabled) 
SPF15 1 Out-of-Range indication on OL (1 = enabled with holdoff acc. to SPF06/07) 
SPF16 1 Repeat alert (1 = enabled) 
SPF17 0 Call data on OL (1 = enabled) 
SPF18 0 spare 
SPF19 0 always program as ‘0’ 
SPF20 0 spare 
SPF21 0 . 
SPF22 0 ‘ 
SPF23 0 " 
SPF24 0 
SPF25 0 spare 
SPF26 0 : 
SPF27 0 : 
SPF28 0 7 
SPF29 0 i 
SPF30 0 - 
SPF31 0 Alerter frequency (0 = 2048 Hz, 1 = 2731 Hz) 
SPF32 1 Reference frequency on FL (0 = 16384 Hz, 1 = 32768 Hz), 


active only when SPF01 = 1 


In the OM4718 software the crystal selection bit (SPFO3) for the PCF5001 may remain fixed at '0', because a 76800 Hz 
crystal is automatically assumed when 1200 bps operation is selected (SPFO2 = 1). 
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4.3 Modifying message contents 
4.3.1 Internal message representation 


The paging messages transmitted when a CALL button is pressed in Test mode, are stored internally as byte arrays. 
The length of a message is determined implicitly by ending it with a special byte (‘FF' Hex). Numeric digits are stored in 
the LS-nibble of a byte, the bits in the MS-nibble remaining '0'. Alphanumeric characters are stored in the lower 7 bits of 
a byte, the MSB remaining '0". 

Since the messages are embedded in the code, their maximum length is fixed. Shorter messages may be used by 
placing the 'FF' termination byte at an earlier position in the EPROM code. 


Message Max. length Default contents 

Numeric A 13 digits 49-40-54007-0 

Numeric B 10 digits 2468-12468 

Alphanum. A 120 chars Hello, call your wife... 
Alphanum. B 75 chars PHILIPS Integrated Circuits... 


4.3.2 EPROM locations of message texts 


The EPROM locations of the messages are given below. ROM End is the last location which may be used for message 
data in the byte array, the next location contains the 'FF' termination byte. 


Message ROM Start ROM End Contents (Hex) Contents (text) 
Numeric A: ZIEL 21F3 04 09 OD 04 00... 49-40... 
Numeric B: 21F5 21FE 02 04 06 08 OD... 2468.-... 
Alphanum. A: 2200 2277 48 65 6C 6C EF... Hello... 
Alphanum. B: 2279 22C3 50 48 49 4C 49... PHILI... 


ee 


OM4718 EPROM contents (version 3.3) 


Format: Intel Hex 
Part: Message texts 


> LO2Z1EQOOF00220F50220FA04090D04000D05040098 Numeric A 
:1021F00000070D00FF020406080D0102040608FF97 Numeric B 
> 1022000048656C6C6F2C2063616C6C20796F757203 Alphanum. A 


>10221000207769666520617420686F6D65212020D4 
>10222000202D3E20546573746D6573736167653A44 
>1022300054686520717569636B2062726F776E20D8 
> 10224000666F78206A756D7073206F766572207482 
>102250006865206C617A7920646F672044697370C7 
> 102260006C6179207769746820313230204368616D 
>102270007261637465727321FF5048494C49505331 Alphanum. B 
>1022800020496E7465677261746564204369726386 
>102290007569747320666F7220504F435341472015 
> 1022A000506167696E672053797374656D73202080 
>1022B000536F6674776172652056657273696F6ECD 
>1022C00020332E31FF7/7CD215D87A89C197BCOOOFFC 
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THE BIT ERROR RATE TEST UNIT OM4749 


This paper describes a BER-Test board specially 
designed for measurements on pager receivers. The test 
board is used together with an RF-generator. Using these 
two devices, pager receivers can be tested, using one out 
of four data types, which can all be transmitted with four 
different baud rates. 


The BER-test board is a relatively cheap 
measuring-instrument for the evaluation of pager 
receivers. The concept of the test board has been kept as 
simple as possible: this makes the instrument very easy 
to use. 


The measurement system will be explained, together with 
the hardware set-up. Finally, an explanation is given 
about I/O-synchronization, BER-calculations and 
PRBS-data generation. 


1. Introduction 
As the mobility of people is increasing everyday, the 


market for mobile communication equipment is growing 
with it. Acheap and convenient way of being in touch, 





Fig. 1 Basic pager test system 





BER-measuring system|— — 
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wherever you go, is carrying a Radio Pager with you. 
These can be very small and yet they can inform you 
about important messages. 


Basically, pagers consist of two parts, the first is the 
receiver part and the second is the decoder part. Pagers 
can also be equipped with an LCD, displaying messages. 
This requires a microcontroller within the pager as well. 


The receiver part converts the modulated RF-input 
signals into a binary data stream, which is then passed to 
the decoder. The decoding algorithm is based on the 
protocol of the POCSAG transmission code. On detecting 
a valid call, the decoder will generate a "beep" signal. 
This information is passed on to the microcontroller, 
together with any message content. 

The performance of a pager is measured as the "call 
success rate". This performance is specified as the 
RF-level giving a success rate of 80% in the complete 
pager system, receiver and decoder. 

This call success rate measurement may be accom- 
plished by comparing the output data of the pager with 
the measurement system input in order to derive at the 
Bit Error Rate (BER). 


ee ee 





Test programming unit 
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This way, the performance is specified as the RF-level 
giving a BER of 3%. 


2. The BER measurement system specification. 


A multi-purpose transmission analyzer, capable of BER 
measurements, is usually expensive and complicated in 
its use. With this in mind, a BER-test board has been 
developed, aiming at a simple hardware design, without 
losing any functionality, and specially designed for 
measurements on pager receivers 

A microcontroller based concept appeared to fulfil these 
requirements best. 


The BER-test board is capable of the following: 


¢ output data: 
Preamble (101010...) 
Pattern (optional pattern of 32 bits) 
PRBS (random data: 2 exp.20 bits) 
All 1’s (111111...) 


e Baudrate: 
512 bit/s 
600 bit/s 
1200 bit/s 
2400 bit/s 

¢ Display accuracy of 0.01%. 

e Output voltage level adjustable between 1 and 4 Volt 
for a logical one and -1 and -4 Volt for a logical zero, 
to shut most RF-generator types. 

e Possibility for inverted output data. 


e Direct input from the pager receiver. Input levels 
(max 5 Volt) are converted to TTL. 


¢ No maximum amount of bits for BER-calculation. 


e The test board can also be used as a data generator. 
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3. The BER measurement set-up. 











RF- Signal 





Pager Receiver RF-Generator 






data out 






BER-Testboard 


Fig. 2 The BER measurement set-up 


The test board is used together with an RF-generator. 
The data output from the test board goes to the 
RF-generator. 

Frequency bands used for wide area pagers are: 


138 - 174 MHz 450 - 970 MHz 
275 - 285 MHz 928 - 938 MHz. 


The type of modulation is FSK with a frequency shift of 
+/- 4.5 kHz for 25 kHz channels and +/- 4 KHz for 20 kHz 
channels. The modulated signal is passed on to the 
pager receiver. Here, the RF-signals will be demodulated 
and a binary data signal is derived again. This binary 
signal is fed to the BER test-board, closing the loop. 
Depending on the RF-level of the input signal: high levels 
of RF input signal will be demodulated correctly, low 
levels may generate errors. 


The I/O-synchronization can be controlled in two ways: 
automatically or manually. This option is set in a change 
menu. In case of automatic synchronization control, new 
synchronization is only obtained if necessary, i.e. before 
first BER-measurements or after changing the Baudrate. 
On manual synchronization, the user can decide to re- 
synchronize at the start of anew BER-measurement. 


As the input sample moment is not PLL-controlled, it is 
very important to keep an eye on |/O-synchronization. For 
this a test pin is incorporated on the board. 
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The output data of the pager receiver can directly be 
passed to the test board, which also contains a filter 
facility. 


The microcontroller is a 87C652 uC, the EPROM version 
of 80C652. It has an on-board memory of 8k ROM and 
256 bytes RAM. * 

The Baudrate of the data signals is controlled by the 
internal timers of the uC, running on a 12 MHz clock. 


4. BER-Calculation and Display 


The user interface of the BER board consists of an LCD- 
display, functional keys and a few LED for indication 
purposes. 


In order to display the BER with an accuracy of 0.01%, at 
least 10,000 bits have to be received. Therefore, the BER 
is displayed with three levels of accuracy. 

Starting the measurements, no fractional part will be 
displayed. When sufficient bits have been received, the 
first fractional digit appears and at more information, also 
the last digit is displayed. 

The accumulating accuracy of the BER measurement will 
be according to table 1: 


max. amount per symbol — display in % symbol 
3200 bits XX 
6400 "“ XX.Y 
12800 (" XX.Y 
25600 " XX.Y 
51200 " xx.yy +/- 0.004 
102400 =" xx.yy +/- 0.002 
204800 " xx.yy +/- 0.001 
409600 +('" xx.yy +/- 0.0005 


Table 1. Accuracy and display depending on bits 
received. 


The "symbol" displays a kind of hour-glass, indicates how 
many bits were read. When the eighth symbol is 
displayed (a blank character) the final accuracy is 
reached (at 1200 Bd this takes appr. 3 minutes). 
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5. PRBS-data Generation 


The Pseudo Random Binary Sequence has a period of 

2” bits, i.e. the sequence will repeat itself only after 

2°° bits have been sent. The sequence is generated by 

using the Linear Congruentual Method with the formula: 


x(n+1) = (13 xn + 1) mod 2'® = (x is 16-bit word) 


This will lead to a sequence of 16-bit numbers with a 
period of 2'°. By sequentially transmitting the bits of all 
these numbers a total sequence length of 27° is obtained. 
At the beginning of each BER-measurement the 
sequence is restarted. 


For BER-calculation a special algorithm is used. This 
gives no limitation for the amount of test bits. A sudden 
increase or decrease in the amount of errors will be 
displayed immediately, even after 15 minutes of 
continuous testing. 
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SOFTWARE TOOL FOR MATCHING LOOP 
ANTENNAS TO THE UAA2080 RECEIVER, OM4759 


1. Introduction 


The program PALOMA helps you to find the elements of 
a certain matching network for loop antennas for pager 
applications using the PHILIPS pager receiver chip 
UAA2080. It is based on approximations for the 
description of the electrical properties of small loop 
antennas. 


PALOMA runs under DOS (3.3 or higher) and with 80286 
machines (or higher). The software package consists of 4 
files: 


paloma.exe the executable program and 
paloma.col tree files supporting the 
paloma.key on-line help function and 
paloma.hlp the coloured menu interface. 


The PALOMA program may be used on monochrome 
and colour monitors. 

More information about the theory of ioop antenna’s and 
matching these to the receiver is available in the chapter 
on Pager Antenna’s. 


By following the recommended procedure, one will find 
the optimum values for a matching network. A few 
preliminary parameters have to be set at first, e.g. 
frequency, antenna type and geometry. In a second step 
the frequency dependend antenna properties are being 
calculated. The third step includes the optimization of the 
matching network. The results may be saved on disk as a 
parameter list for later use when deriving more antenna 
designs from the same basic set. 


2. Designing loop antenna’s 
PALOMA supports three different types of small loops: 


e the single loop, consisting of only one rectangular loop, 

e the multi loop made from one wire with a number of 
turns and 

* the special loop, consisting of a number of parallel 
single loops. 
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Hints for selecting the optimum antenna structure are 
given in the chapter as mentioned. 


The loop parameters for a rectangular loop are width 
and height. For non single structures, the distance 
between the loops becomes a sensitive parameter as 
well. 


The excitation position has an influence on the electrical 
properties of the loop. Excitation is possible at any 
position of the rectangular antenna; corner excitation or 
the longer or shorter side of the rectangular loop. 


3. Loop wire types and geometry 
3.1 Wire types 


PALOMA supports two different types of wire cross 
sections: 


¢ circular and 
¢ rectangular 


When a rectangular cross section is selected, an 
equivalent diameter for a circular cross section will be 
calculated as all approximations in PALOMA are valid for 
a circular cross section only. 


3.2 Loop material ~ 


It is possible to improve the antenna performance by 
using high conductive materials (coating). Typical 
materials to select from, are copper, aluminium, brass 
and tin. The loop material selection is of secondary 
influence only; the optimum antenna structure is more 
important. 


4. Antenna feeding 


The antenna feeding may have a big influence on the 
noise matching network parameters because it produces 
a capacitance parallel to the antenna impedance. 
PALOMA includes a simple model of two parallel wires 
with circular cross section in the calculation in order to 
take the additional capacitor and inductor into account. 
These added "paracitics" will sometimes be beneficial as 
this may improve the overall performance of the pager; a 
capacitor parallel to the antenna is often a good choice 
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for optimizing sensitivity. In any case, either one avoid 
any feeding or the effect has to be taken into account. 


4.1 Setting the noise matching parameters. 


PALOMA is using a matching network consisting of four 
capacitors. This network effectively couples the inductive 
antenna to the input of the balanced, low-noise amplifier 
of VAA2080. 

The non ideal capacitors are described by means of 
added (optional), ideal series resistors, which don’t vary 
with the capacitance. 


Furthermore it is possible to set the antenna noise 
temperature; this will describe the influence of the warm 
earth and cosmic radiation on the system noise figure for 
the selected frequency. PALOMA calculates this 
temperature using an approximation; this value may be 
changed at better information. 

For the complete analysis, also the input capacitance of 
UAA2080T may be taken into account. 


5. Optimization procedure 


For noise matching purposes, a first target could be to 
optimize for minimum attenuation of the matching 
network, e.g. maximum overall gain. PALOMA supports 
still an other strategy in optimizing for maximum pager 
sensitivity. This sensitivity is calculated at a 3% BER (bit 
error rate) when using the decoder PCF5001T. 


Different ways lead to the optimum values for the 
Capacitors, depending on the position of the tuning point. 
To start off, non of the capacitors may be fixed in order to 
find the right range for further considerations. If a 
capacitor is found to become lower than 1 pF, this may be 
omitted. 

The next optimization may be found by selecting a set of 
fixed capacitors, of slightly higher quality, to find the 
optimum dynamic range for the tuning point. 

In a last step, changing to a tunable capacitor may 
require the other matching capacitors to get slightly 
different values. 
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Chipsets and support material 


The following overview on chipsets and support material will give an impression on the the material available to the 
designer for paging systems. All material will be available through the local Philips Semiconductors office. 


ICs and support material 
Type number Function 


Integrated Circuits 


PCA5000 POCSAG decoder 

PCF5001 POCSAG decoder 

PCD5002 APOC?1 decoder 

PCD5003 POCSAG decoder 

OM4031 Post-Detection 
filter 

UAA2050 Direct Conversion 
freq. offset type 

UAA2080 Direct Conversion 
receiver 

UAA2082 Direct Conversion 
receiver 

PCF8586 _CD-driver 

PCF857x LCD-driver 

PCF83CL782 microcontroller 


Support material 


OM4706 PCF5001 test board 
OM4716 PCF5001 programming 
unit and test tool 

OM4745 UAA2080 test board 
OM4746 UAA2080 test board 
OM4747 UAA2080 test board 
OM4748 UAA2080 test board 
OM4759 Pager antenna 


matching software 


remarks 


not for new designs 

world standard, on board EEPROM 

new pager standard, to licensed customers 

New device, higher-end than PCF5001; more EEPROM, 
2.5 V programming, |?C control, message buffer 


improved sensitivity, when not using Philips decoders 
(already build-in) 


not for new designs 

low system costs, small pagers, also for APOC1 
UAA2080 optimized for 1-cell, also for APOC1 
flexible pager design, I?C-bus 

for numeric pagers | 


low voltage, suitable for large display-drive 


quick set-up 
versatile design-aid 


optimized for 173 MHz 
optimized for 288 MHz 
optimized for 470 MHz 
blank board 


optimizing Pager antennas 
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Technical reports and application notes 


The following laboratry reports and technical notes are 
available on Pager systems, receivers, decoders and 
support materials. Most of the information in these 
reports is contained in this Application Book on Pagers. 


Pager decoders 


- Technical note, Nov. 1989, Start-up conditions for 
quartz crystals and PXE oscillators in digital clock 
circuits, by Werner Thommen 

- Application note PCALHVCO8903, PCASO00T Paging 
decoder,features and applications, 
by Stephan Drude 

- Application note NDO6/89TC2, The improved 
POCSAG decoder PCASOOOAT, by Stephan Drude, 
Thomas Rudolph 

- Application note NDO1/89TC2, Using the POCSAG 
decoder PCA5OOOT with data rates other than 
512 bps, e.g. 1200 bps, by Thomas Rudolph 

- Application note ND32/90TC2, Probability of lost call 
at PCA5O00T and PCASOOOAT solved by application, 
by Thomas Rudoiph 

- Application note HCO9101, PCF5001T Paging 
decoder with EEPROM features and applications, 
by Stephan Drude 

- Application note ND52/90TC2, 

PCF5001T application hints, by Peter Hank 
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Pager receivers 


Application note AN94083 Pagers loop antennas, 
by Hans Zelle | 

Application note HCO9002, Digital paging VHF/UHF 
Receivers UAA2050T and UAA2033T 

by Knud Holtvoeth, Thomas Rudolph 

Application note ETT91003, UAA2080T VHF/UHF 
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INTRODUCTION 


Many questions have been asked at Philips 
Semiconductors "world" wide local sales offices and 
application laboratories on pager components and pager 
design. Many answers concern the same design subjects 
and trade-offs. 

In this chapter we have summarized this information: 
hoping that the pager designers community can benefit 
with shorter design time and earlier introduction to the 
market. 


Philips is recognised as a leading company for Direct 
Conversion Receiver techniques. An early design of 
a Single Chip receiver in this technology received the 
Queen’s Award for Technology in the United 
Kingdom in 1989. Also the Export Achievement 
Award was granted to Philips in the United Kingdom 
in 1994 for one of its Pager products. 
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GENERAL 


In a radio-receiver, many methods exist for extracting the 
modulated information from the RF carrier frequency. 
Two main groups of methods may be distinguished as 
being of particular interest. In the first method, the 
incoming RF-signal is directly transformed to a Zero 
Intermediate Frequency (Zero IF); this type is also known 
as the Direct Conversion (DC) receiver. In the second 
method, the incoming signal is converted to a non-zero IF 
at first, sometimes followed by a conversion to a second 
non-zero IF; these type are known as the super- 
heterodyne receiver of double-super at two conversions. 
Mainly for historic reasons, the second principle has 
found its way into receiver designs for ease of tuning, 
reasonable selectivity and sensitivity and well-established 
design techniques. 

Because of modern technology, other receiver principles 
are becoming feasible now that were not practical before. 
Also, other design criteria as ease of integration are 
becoming more important. 

Philips has selected the Direct Conversion method as the 
(pager-) receiver design road to the future by designing 
the integrated receiver ICs UAA2050 and UAA2080. This 
choice offers the following advantages: 


e Modern technology. This new technology has been 
developed for high system integration, while 
maintaining the established specifications. Other 
architectures, although often performing well, have 
been developed in the past mainly for other purposes. 


e Technical perforrnance of our direct conversion 
receiver UAA2080 compares well with other 
architectures. RF sensitivity, dynamic range, power 
consumption and spurious response are comparable 
to older system architectures or surpasses these. 


e Easy and short design-in, once the new technology is 
understood. 
Only the front-end of a Direct Conversion receiver is 
handling RF signals; rest is low frequency design 
techniques. 
The UAA2080 handles a very wide frequency span, 
ranging from HF, through VHF up to UHF. Even 
outside the specified frequency range, the perfor- 
mance is remarkably good. This flexibility permits the 
designer to quickly adapt his system to a different 
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frequency band, using the same basic design and 
experience. 

The lay-out of the pinning allows for more than one 
powering scheme. This permits the designer to 
optimally match the UAA2080 to the power source(s), 
using local trade-off’s between system complexity and 
power consumption. 


Compliant to various data coding standards. The 
UAA2080 is compliant to data coding standards, that 
are two-levei FSK with a bandwidth up to 9 kHz. 
Although designed for the pager POCSAG code, this 
versatility makes the receiver also suitable for other 
data systems. 


Very little 'real-estate' required on PCB for complete 
pager receiver design, as only one crystal and no 
further resonators or ceramic filtes are used. This 
feature allows for very small designs and simple 
logistics for frequency determining components. As an 
example; various complete pagers in watches have 
been designed and succesfully brought into the 
market using our Zero-IF receiver and decoder 
techniques. 
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UAA2050 hints 


SET-UP AND TUNING 


For good results on tuning accuracy and discriminator 
range, all specifications (and tolerances to those) 
should be followed closely. Also, most values in the 
application diagram in the objective specification 
sheet have been specified to give optimal results for 
those applications; deviation from those values should 
only be considered while observing the effects on the 
specification. , 


In the tuning procedure it is not necessary to measure 
the oscillator frequency; it suffices to observe the data 
output DO, pin 14, and the IF output, pin 25. 


To start up, the appropriate set-up voltages are 
applied, including Vp - 0.5 V to the AFC test point , 
pin 3. Then the RF-signals (initially 1 mV) are applied 
at exactly the desired frequency, modulated with 

600 Hz square wave to mimic a 1200 baud preamble, 
with a deviation of 4.5 kHz. 


The oscillator is tuned until a clean data waveform, 
with the correct polarity appears on DO: now the local 
oscillator is correctly tuned. 


Next, the multiplier tank and the RF-input circuits are 
tuned for maximum IF level at the IF output. This only 
serves to optimize the sensitivity. 


Finally, the AFC control voltage is removed from the 
AFC test point and the voltage is measured while the 
preamble is received. A value of 0.5 V +/- 20 mV 
indicates perfect tuning. 

Observation of the output data DO, to have a clean 
wave-form, of the correct polarity, will be helpful. 


ANTENNA MATCHING 


The antenna should be properly matched to the input 
of the circuit. This may be performed, using an RF 
transformer. Balancing of the input circuitry is 
important in terms of unwanted signal pick-up and 
optimizing the noise figure of the input amplifier. 
Especially while operating the application from an RF 
generator, the input balancing conditions should be 
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conserved when measuring performance to 
specification. 


In the application, the use of ceramic SMD-coils is 
permitted, except when using a matching coil 
transformer in the RF input circuit. This must be an air 
core type for optimum sensitivity. 

A high Q (appr. 100) is important here. 


DE-TUNING EFFECTS 


Improper tuning of the multiplier tank-circuit may result 
in occasional failing of the injection locking to the 
oscillator frequency. The resulting jitter of the multiplier 
stage, jumping between locked and free running 
states, may show up as a "noisy" spectrum, degrading 
the performance of the circuit. Also the temperature 
stability of the components around the oscillator and 
multiplier should be taken into account. 


AVOIDING SELF RECEPTION AND LF PICK-UP 
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Coupling of the VCO frequency with the RF amplifier 
should be avoided. This degrades the overall 
performance of the application, will create a DC-offset 
at the mixer output and will reduce the lock-in range of 
the AFC. Careful lay-out is important and some form 
of shielding (integrated in the enclosure) may be 
considered. : 


Low frequency signals to the input circuitry may also 
impair the receiver’s performance. Be aware of 
magnetic pick-up from a voice-coil type of alerter. The 
coil should be placed perpendicular to other coils or 
even be shielded off. 
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To out-perform the internai RF amplifier, the external 
circuit should exhibit sufficient gain, at a noise figure 


UAA2080 hints on applications ° 


ANTENNA DESIGN AND RF-AMPLIFIER 


For good sensitivity, make sure the impedance 
matching circuit between the antenna and the input 
RF-amplifier is of a good quality and the antenna has 
a low noise figure. Apart from a few hints on pager 
antennas given below, please also check the 
application note on pager antenna design. 


The antenna plus matching network should be.as 
loss-less as possible. Due to skin effects the current 
will flow through a thin layer at the outer surface of the 
antenna and network conductors. 

For pure copper, the skin-depth at 170 MHz is 6.6 um, 
getting lower for higher frequencies. A pager antenna 
having a rough surface will exhibit a longer conductive 
path, hence higher resistance, hence lower system Q 
and more noise. So it is better to have a clean 
antenna surface, which is coated against corrosion. 


The pager antenna usually is of a resonant-loop type 
of design. For best results, the tuning capacitor of this 
loop should be mounted as close as possible to the 
antenna and be a high quality. The input coupling 
(matching) capacitors will then be of lower influence. 


Also consider the input coupling capacitors; low 
quality, e.g. temperature drift and/or high loss factor 
will degrade the antenna tuning while contributing to a 
high overall noise figure. Please consult the 
application notes on UAA2080 for the input noise 
characteristics. 


The internal RF amplifier will be quite sufficient for the 
specified frequency range (up to 512 MHz.). In fact, 
the combination of RF-amplifier, phase-shifter, and 
mixer is well optimized for maximum sensitivity 
(typically -124 dBm. for 3% Bit Error Rate at 

288 MHz.) together with good strong-signal behaviour 
(IP3 typically -28 dBm.). 


In power-saving situations an external RF amplifier 
might be considered. This external amplifier should 
exhibit equal or better performance RF performance 
at less current and/or lower supply voltage. 


of better than 3 dB ata current less than 1 mA. 


For optimum performance, the output of the external 
amplifier should be balanced before feeding the 
signals to the phase-shifter network. 


lf an external RF amplifier will be used, the internal RF 
stage may be by passed. The bias resistor on pin 10 
(H-version) should than be omitted for power saving; 
for safety reasons, pin 10 should be connected to pin 
7 and 8 and the amplifier output pins 12 and 13 
should be connected to Vp (e.g. pin 14). 


COMPARING RECEIVER SENSITIVITY AND 
DATA FILTERING 
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It is not simple to standardize the relation between the 
Bit Error Rate (BER) and the input sensitivity. When 
measuring at the output of UAA2080 (without data 
filter or decoder), a signal of 3 dB. above "threshold" 
(e.g. at -121 dBm) corresponds to 0.3% BER. This 
figure will rise sharply to 3% BER at input levels of 
-124 dBm (typical at 288 MHz, 1200 baud, 4 kHz 
deviation, 2.05 V supply; at 1.9 V). 

Peculiar BER behaviour around these sensitivity 
levels may point at local oscillator pick-up by the input 
amplifier. 7 


When comparing input sensitivity, BER etc. the 
following poinis are of interest: 


When looking at absolute sensitivity figures, make 
sure the measuring equipment is calibrated, as are 
the conditions at the measuring position. Although this 
is obvious, considerable differences are found 
between various types of equipment and between 
equipment of the same type. 


Also the type of measuring cable should be 
considered. Standard RG 58 cable exhibits appr. 

0.5 dB/m at 450 MHz., some tin-coated types may be 
3 - 6 times worse. 


When comparing sensitivities of pager systems 
including the antenna, care should be taken 
interpreting the data. Measurements done in a TEM- 
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cell, may yield very good figures when maximally 


coupled to the generated RF field. In fact those figures 
may approach the free-field benaviour of the antenna. 


Many PTTs require the measurements in a TEM-cell 
to be done at 45 degrees intervals; the average 


sensitivity over 8 such intervals (860 degrees) will be 


compared to the required sensitivity: 


Other test sites may simulate more practical operating 


conditions by measuring on "salt-pillars". The two 
sensitivity measurement types will yield many dBs 
difference as a result. 


¢ When comparing sensitivity figures, be sure a 
measurements are done under equal terms of data 


filtering. Filtering of the data between the receiver and 


the decoder will yield extra dBs in sensitivity. 


e When these extra dBs of sensitivity make a difference, 


the Philips Digital Post-Detection Filter for FSK data 
receivers OM4031T may be used or the Philips 
POCSAG paging decoder PCF5001; the latter 
incorporates this filter function. 


e Another type of filter may be a second-order Bessel 
type filter using discrete components and an 
operational amplifier. Unless the sensitivity of the 
following decoder stage is high enough, this filter 
should be followed by a limiting section (in the same 
housing?). For 1200 baud, at 4 kHz deviation, the 
optimal filter band-width is appr. 800 Hz and the 
overall sensitivity gain of the pager system will be 
appr. 2 dB. Make sure the amplitude of the input 
signals to this filter will be within the linear range of 
the amplifier. 

An even simpler system is a passive second-order 
RC-filter, followed by a limiter, under the same 


conditions. The measured sensitivity gain in this case 


will be appr. 1.5 dB. 
SPURIOUS RESPONSE AND DE-TUNING EFFECTS 


¢ In adirect conversion receiver, there is no image 
spectrum. This means no need for an input image 
rejection filter. The channel selectivity is provided by 
the low-pass IF filter in the VAA2080; the bandwidth 
may be selected by setting the gyrator current with a 
resistor between pin 21 and pin 22 (H-version), 
according to requirements of the application. 
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One may find some sensitivity at the receiving 
frequency plus (or minus) an integer factor times the 
oscillator frequency. When properly tuned, the 
Spurious rejection is always according to specification, 
i.e. 60 dB typical. In our demo boards we measure a 
spurious signal immunity of 65 - 70 GB. 


In many super heterodyne systems, a more likely 
figure for spurious reception is appr. 55 dB, mainly on 
the image frequency. 


The UAA2080 is a direct-conversion-receiver. This 
means that the data-output will still follow the 
transmitted information when de-tuning to either side 
of the correct frequency, as opposed to a frequency 
off-set type of "Zero-IF" system (UAA2033, UAA2050). 
On de-tuning, a slight data duty-cycle change may be 
observed on the DO output, but not more than appr. 
40-60%. Tne main effect of this offset is an increase in 
the flank jitter for the bit, corresponding to the lower IF 
frequency, especially at low RF-levels. 


LOW FREQUENCY PICK-UP 
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In some applications, the antenna may pick-up some 
low frequency components, e.g. from the nearby 
digital (computer) board and/or pick-up from an 
(electro-magnetic type) alerter. This pick-up may 
influence the sensitivity of the pager. By decoupling 
the pager antenna for LF signals, this influence will be 
diminished. 


One way of LF. decoupling consists of connecting a 
10 uF tantalum capacitor from the centre of the 
antenna loop to ground. Due to the parasitic series 
inductance, most tantalum capacitors will display a 
high enough impedance at the receiving frequency 
while having a low enough impedance for the 
unwanted LF componert. 


Another method of decoupling the unwanted LF 
component is by means of a coil. An (SMD) coil of a 
few hundred nH., from the centre of the loop to 
ground, may be selected to be self resonant at the 
receiving frequency, thus creating a high impedance. 
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AVOIDING SELF-RECEPTION 


As with all direct conversion receivers, coupling of the 
internal oscillator frequency with the RF amplifier 
should be avoided. This degrades the overall 
performance of the application and will create a 
DC-offset at the mixer output. 


Alternatively, one may check the amount of unwanted 
coupling, by checking the DC-component: If a weak, 
unmodulated RF-signal is applied to the receiver 
input, a sine wave will be present at TPI, pin 5-and 
TPQ, pin 6 (pinning for H-version). During tuning, the 
(unwanted!) varying DC term will be added to this sine 
wave and on an oscilloscope we see the TPI and TPQ 
signals to jump up and down. 


An other way to check LO pick-up is to measure this 
signal with a high-ohmic probe at the output of the RF 
amplifier, pin 12 and pin 13 (H-version), when no 
external input signal is applied. This pick-up level 
should be lower than - 45 dBm. 


For fully switching of the mixer stages inside the 
UAA2080, a drive level of -18 dBm. at the mixer input, 
pin 24 and pin 25 (H-version) will suffice. Make sure 
this level is not (very-much) higher. A high level at this 
position will only contribute to unwanted LO pick-up 
and spurious reception. 


Careful PCB lay-out is important as is the design and 
positioning of the antenna. We recommend a loop- 
type of antenna at 90 degrees to the PCB. In body- 
worn pager applications, with the PCB parallel to the 
body, this loop configuration also optimally exploits the 
"body-effect" for high receiver sensitivity. 

From experience we know, that with a well designed 
lay-out self-reception can be sufficiently minimised. 
Please refer to the application note on UAA2080 for 
further recommendations. 


OPERATING UAA2080 OUTSIDE THE SPECIFIED 
FREQUENCY RANGE 


The minimum frequency of UAA2080 is specified at 
25 MHz. The real minimum is determined by internal 
coupling capacitors around the multiplier. With a 
current level through the multiplier at 350 WA, the 
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minimum operating frequency would be appr. 7 MHz. 
This could mean extended applications of the UAA- 
2080 (double conversion systems) at e.g. 10.7 MHz. 


The maximum frequency of UAA2080 is specified at 
512 MHz. It is reported, that the circuit will also 
operate at (much) higher frequencies. For those 
design’s a few hints will be given: 


When operating at 930 MHz., the local oscillator 
injection level at the input of the mixer stages, pin 24 
and pin 25 (H-version) may become somewhat low. 
This L.O. level can be increased to around -20 dBm 
by means of two cross-coupled transistors (BFG 505) 
biased with a 2.7 kQ resistor at appr. 400 LA. 


At 930 MHz. a typical sensitivity of appr. -116 dBm. is 
measured (512 baud, 4 kHz, 2.05 V supply, data filter 
included). An extra RF pre-amplifier at appr. 1 mA. 
with only a few components will make-up for the 
sensitivity loss of the internal RF pre-amplifier. (a 
cascoded transistor stage with BFR 505, BC 858 plus 
additional R’s and C’s) 


A different approach is using the SA620 as a front-end 
down-converter to frequencies, acceptable to 
UAA2080. The SA620 exhibits a comforting 1.6 dB 
noise figure at 930 MHz. and a gain of 11.5 dB. Due to 
this gain, the UAA2080 has to handle relatively large 
signals, which may influence the IP3 figure of the 
back-end. An attenuator between UAA2080 and 
SA620 may be optimized for a better compromise 
between large signal handling capability and 
sensitivity while relaxing the matching requirements. 
The IP3 specifications of SA620 are more than 
adequate for pager applications, so a trade-off may be 
made. As an alternative, the SA601 with even lower 
noise and an external oscillator may considered. 


As with all designs at these frequencies, care should 
be taken to the lay-out of the PCB. Track lengths are 
very important, especially when radiation of LO 
signals are considered and unwanted self-reception. 
In general, strip-line design techniques are 
recommended. Apart from short conductor lengths 
and low "enclosed radiation area" some form of 
shielding may be necessary for the oscillator and 
multiplier circuit parts. 
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TRADE-OFF’S FOR COMPONENT COUNT AND ° 


TUNING COSTS. 


e Trade-offs may be made between component/tuning 
costs versus performance. The following points will be 
of interest: 


“hy 


e The loaded-Q of the antenna input network in the ° 


application is high, therefore tuning is absolutely 
necessary. For optimum pager sensitivity, losses in 
this input network should be kept as small as possible. 
This means that the Q-factor of the trimmer capacitor 
(and other C’s) must be sufficiently high (>300) at the 
working frequency. 

The trimmer quality at this position will be traded-off 
against the requirements for sensitivity. 


¢ The RF-amplifier output tank circuit is a high-Q 
network and provides RF selectivity. The sensitivity 
reduces rapidly when the resonance circuit is not on 
frequency. Spreads in L2, L3, C7, C8, and C9 (please 
refer to the application diagram) have to be 
compensated by trimmer C6. We advise to use a 
trimmer at this position. 
In principle the loaded Q of this resonance circuit can 
be reduced by changing the values of C7, C8 and C9. 
If the loaded Q is made sufficiently low then tuning the 
tank will not be necessary any more. 
The trade-off here is reduced selectivity and therefore e 
stronger spurious reception. Also the sensitivity will be 
influenced. 


e The trimmer C15, tuning the oscillator output tank 
circuit may be used to minimize the spurious reception 
of the receiver, by optimizing the injection level to the 
frequency multiplier circuit. 

The trade-off here is higher spurious response. 
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In many applications, one or more of the trimming 
capacitors are being replaced by fixed capacitors after 
proto-typing, except for the crystal tuning. It appears 
that for those systems the specifications of UAA2080 
allow for trade-offs wnen compared to the local 
requirements. 


A simplified application diagram may be worked out, 
with non-balanced tank circuits in both the RF 
amplifier and the frequency multiplier output. This will 
save two SMD coils and two SMD capacitors. 

The trade-off here, is reduced "common mode" 
rejection, caused by even order distortion. Although 
not recommended, this solution is subject to local 
considerations. 


Trimmer C17 is used to tune the crystal oscillator on 
frequency. A frequency offset of 2.1 kHz, at 1200 baud 
will cause a sensitivity degradation of appr. 3 dB. An 
oscillator crystal, having an overall temperature drift of 
+ 10 ppm (equals + 1.7 kHz at 170 MHz) and an 
accuracy of 2.3 ppm nominal (equals + 391 Hz at 

170 MHz), already will be the cause of this 3 dB 
sensitivity loss. 

At higher frequencies, the crystal requirements will be 
more stringent, so the trade-off for replacing C17 will 
be higher crystal costs. 


The oscillator circuit has been designed for optimum 
performance under low current conditions. A trade-off 
may be made between a higher motional resistance of 
the oscillator crystal (usually at a lower price) and 
somewhat more current through the oscillator circuit, 
by deceasing R5. For more background on the 
oscillator circuit, please refer to the application note of 
UAA2080. 


BAUDRATES 


¢ The trimmer C12, tuning the frequency multiplier tank 
circuit, is determining the injection level to the mixers. ° 
A low-Q tank circuit means reduced spurious 
rejection, where a high-Q tank means reduced 
sensitivity if not properly tuned on frequency. This is e 
not a critical setting, as long as the mixers are being 
fully switched. Again, spurious response is being 
influenced as a trade-off. 
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The UAA2080 may be used at many different baud 
rates; some points of attention may be worth noting: 


Make sure the slope of the modulating signal is 
chosen in accordance with the baudrate as this will 
reduce the required bandwidth on transmission and 
reception, e.g. 250 us at 512 baud and 1200 baud, 
125 us at 2400 baud and 62 us (or 31 us) at 

4800 baud. 
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e Running the UAA2080 at different baud rates will not 
affect the supply current consumption. 
Also changing the supply voltage within the specified 
range has virtually no effect on the supply current. 


e The higher energy-bandwidth for the higher baudrate 
(at the same deviation of 4 KHz) will result in a 
reduced offset tolerance to the receiving frequency. 
Reported offset tolerance for 3 dB sensitivity reduction 
(4.0 kHz deviation at 470 MHz using a digital data 
filter), was: 2.0 kHz at 1200 baud, 1.6 kHz at 
2400 baud and 1.6 kHz at 4800 baud. 


e The input sensitivity may be affected when using 
different baud rates. The reported sensitivity at 3% Bit 
Error Rate, at 4.0 kHz deviation at 470 MHz using a 
digital data filter, was -125.8 dB at 1200 baud, 

-123.6 dB at 2400 baud and -119.7 dB at 4800 baud. 
The IF bandwidth of UAA2080 should be optimized for 
the energy spectrum at every baud rate in relation to 
the in-band noise. 


e Using 4 kHz deviation, a baudrate of 1200 bps results 
in 3.5 periods per bit where 2400 baud only yields 1.7. 
The demodulator updates its logic outputs at every 
zero-crossing of the IF signal, either | or Q signal. As 
the number of zero-crossings is reduced at 
2400 baud, the relative jitter of the edges increases. 
The post-processing circuits should accommodate for 
this behaviour. 


e Loading the output DO, pin 3 (H-version), with a 
capacitor will add an extra low-pass filter between the 
output of UAA2080 and the decoder. Care should be 
taken with this extra filter. Degrading the slope of the 
outputted data will influence the overall Bit Error Rate, 
especially when using data sampling techniques at 
the input of the following data decoder. 

Also, extra noise could be added to the TPI and TPQ 
terminals if DO is capacitively loaded. A resistor of 
47 K. to the DO output will solve this problem. 
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GENERAL 


More than one method exists for decoding the pager 
transmission message. The first, and most obvious 
selection is in tne decision to do the decoding in hard- 
ware stand-alone circuit, or in software in a micro 
processor. “ 

Philips has selected the hardware decoding method by 
designing the decoding ICs PCA5000A and PCF5001. 
This choice is offering the following advantages: 


e low power consumption; (17 uA for PCA5000A’and 
60 uA for PCF5001). A microcomputer, accomplishing 
the decoding in software, will have to complete a 
decoding task before the next information arrives. This 
will require a high clock speed for a "standard" uC 
(high power), or a dedicated uC (high price). 


¢ lower development cost and risk for the pager 
manufacturer. Since all data filtering, synchronisation, 
decoding, POCSAG protocol functions and error 
correction systems are catered for, the pager designer 
can concentrate on the (pager)user interface design, 
in many cases a more familiar task. 


e real-time signal processing, including digital data 
filtering. 
No extra storage required for input buffering of new 
information while signal processing is still in progress 
in the software. 


e dedicated error correction for low software load. See 
lower development costs/risks 


e higher software and uC flexibility. Since most soft- 
ware/memory space consuming decoder functions 
have been catered for, the controlling uC may be 
simpler, perform extra tasks, be of simpler, less time 
critical design and so may consume less power. 


e two chip complete, beep-only pager solution. The high 
functionality of the Philips decoder ICs is permitting a 
pager design, using a receiver and decoder !C only. 
The power-saving, receiver controlling functions are 
inside the decoder together with (simple) user- 
interface functions. This permits the design of a 
simple, alert only pager allowing four different 
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cadences (messages) to be send to the owner; the 
user address and pager configuration information is 
stored in SRAM (PCA5000A) or EEPROM 
(PCF5001). The PCF5001 can recognise up to four 
different user addresses in two different frames. The 
decoder also takes care of some pager-status 
messages to the owner like: call alert, repeat alert, 
battery low, power up and out-of-range. 

Further features are silent call storage, programable 
call-termination conditions, duplicate call suppression, 
programmable hold-off time on duplicate call 
suppression and out-of-range indication. 
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PCA5000A hinis PCF5001 hints on applications 


PROGRAMMING 


A good way of checking, if the decoder has left the 
programming mode, Is in looking atthe receiver 
enable output pin (RE, pin 10). This output should 
enable the receiver to perform sampling of the 
synchronization code word position and the program- 
med code word positions in the respective frames. 


If the decoder is not sampling at all, the system may 
still be in the program mode. 


lf the decoder is sampling at the synchronisation word 
positions only (and not at the proper program code- 
word positions), ine clock frequency may be outside 
the normal range. The deviation of the clock 
frequency should not exceed 20 ppm from its nomina! 
value, for the clock recovery algorithm to resume 
synchronization. 


In all cases, the rise and fall times of the power supply 
transients should not be excessive. A series resistor of 
22 Ohm in series with the supply should damp 
transients efficiently when the decoder is decoupled 
with a capacitor of minimum 10 LF. Switching 
transients may interfere with the decoder to resume its 
decoding functions after programming is finished. 

See also the application note on PCASOOOT. 


In the “display pager’ mode, the ON, OFF and SK 
pins do not have internal pull-down resistors, as the 
following circuitry will provide for the correct logic 
levels. lf left unconnected to the micro-processor, ON 
(pin 18) should be connected to Vdd (pin 28) and OFF 
(pin 17) to Vss (pin 13). By modifying the level on SK 
(pin 16) the system is switched between SILENT and 
ON state. Also, the test input TS (pin 7) should not be 
left floating, but must be pulled low to Vss. When 
switching the power to Vss, (the supliy terminal is 
negative, Vdd is substrate, is ground) this terminal 
may be left floating when not connected. Care should 
be taken, that the voltage on Vss will not rise to more 
than 0.9 V above Vdd. A resistor of 2.2 MOhm 
between Vb (pin 1) and Vss (pin 13) should take care 
of this situation. 


PCF5001 AT DIFFERENT BAUD-RATES 


When using the PCF5001 at 2400 baud, the following 
points should be considered: 

The clock frequency (or connected crystal) should be 
153.6 kHz. : 


Minimum supply voltage is 1.8 V; supply current will 
be somewhat higher than at 1200 baud. 


The programming (via the SPF bits) should be for 
1200 baud. 


All timings will be halved w.r.t. 1200 baud: alerts are 
one octave higher, data output rate will be 4096 i.s.o. 
2048 baud, time-outs are halved, receiver establish- 
ment times halved etc. 

Some PTTs may have problems with changed alert 
durations and frequencies, although the POCSAG 
standard itself only mentions the number of bleeps per 
call type and not the duration or the frequency. 


INTERFACING PCF5001 TO A RECEIVER 
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The versatile PCF5001 is designed to operate as a 
stand-alone pager controller or as a decoder interface 
between a pager receiver and a microcontroller. In 
most cases, PCF5001 will determine the on/off 
periods of the receiver via the receiver enable output 
RE (pin 14). 


When the receiver is switched off, RE = 0, the data 
input to the decoder DI (pin 5), is loaded with a puil- 
down current of 7 - 20 LA (at an input voltage of Vdd). 
This will prevent random noise signals, mistaken for 
data input, to cause the decoder to respond. 
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COMMUNICATION BETWEEN PCF5001 AND A MICRO * 
CONTROLLER 


In display-pager mode, the internal pull-ups and pull- 
downs to the micro-processor interface are disabled, 
except for pin SR. This will reduce the supply current 
slightly. : 


Battery-low indication 


When using the battery-low indication as an input toa 
pager micro-controller, the following should be. taken 
into account: 


Battery-sense input BS (pin 6) is not sensed during ° 
the "preamble receive state". Also, battery-low output 

BL (pin 24) is interrupted for 62.5 msec. when 

switching from SILENT to ON status. 

Further, battery-low alert and BL signal are reset as 

soon as an incoming call is alerted (in the ON status); 

they will not re-appear automatically after the 16 s. 

call alert time-out. ° 


When.a call alert is cancelled by a pulse on SR (pin 
21), the Battery Low alert and BL signal are restarted. 
They also re-appear when switching from ON to 
SILENT status. 


On using the PCF5001 - microcontroller combination, 
the uC can detect a call and cancel! the alert by 
pulsing SR before the call alert has started, so 
preventing the battery-low detection switch-off 
condition. This is possible because the call alerts are 
started after a 52 ms delay (t,, ,) from a call data- 
transfer via DO/DS to the uC. (see also the 
specification of PCF5001) 


Alphanumaric data transfer 


When transferring alpha-numeric data to a micro- 
controller via the DO (pin 26) and DS (pin 27) outputs 
of PCF5001, the following might be of interest: 


The consecutive byte delay t,,,, when transferring 
message data to the micro-processor via DO/DS, is 
dependant on the crystal frequency: t,,. = 1454 us at 
32.768 KHz and 1210 us at 76.800 kHz. 
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Care should be taken handling the error flag bit: 

The 20th message byte of a message is not transfer- 
red after the 7th, but after the 8th codeword. 

The error flag bit, attached to the 20th byte is being 
determined by the 7th OR &th codeword. 

These two conditions may lead to the situation, where 
the 20th codeword has been received correctly, but 
the 8th codeword, not correctly received, has set the 
error flag. This situation may iead to interpretation 
problems. To prevent misleading information, the 
software should check every 20th and 19th data byte; 
when the 19th byie had no error flag, the 20th byte 
was allright too. See also PCF5001 Application Hints. 


In case the entire message is correctly received and 
finished, but no "next-address" or "idle" codeword is 
generated after the last message codeword, a 
termination error will occur; this also hold for numeric 
pagers. Interpretation of this termination error shouid 
not lead to an incorrectly-received-message error. 


In the programming area of PCF5001, the bits 

SPF 18 and SPF 20-30 are available for general 
purpose storage. They do not influence the decoder 
operation in any way. Programming and reading must 
be done in the normal way. Make sure, the other SPF 
bits are not changed when using these spare bits, by 
re-programming them with their unchanged values. 
Also, unused addressing space (RIC) may be reused 
for other purposes, except for each enable bit. In this 
situation, the enabie bit must be programmed to 

"{" (= OFF) to ensure that the info in the RIC location 
is not used to compare incoming address codewords 
with. 

One way of using these spare bits, Is to store 
operational pager characteristics, that will not change 
during the pager’s lifetime. Other, more ingenious 
ways are left to the designer. 

In total, 102 EEPROM bits nave to be programmed for 
RICs and configuration management and 12 bits 
(minimum) are spare for the user. 


The microcontroller should use an asynchronous 
interface protocol when reading the EEPROM 
contents via data-out DO (pin 26) and data strobe 
DS (pin 27); the output clock rate is not constant due 
to internal timing and may vary considerably during 
transfer. 
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Reading the EEPROM values by the uC is possibie via 
the DO/DS serial interface in the "display-pager mode" 
(SPFO1=1), by selecting the status on the ON (low), 

SK (high) and IE (high) pins. The "normal" pager modes 
(ON, OFF, SILENT) are not active now. 


A rising edge on status request SR (pins21), enters the 
EEPROM read-back mode, and a falling edge starts the 
EEPROM contents output via DS/DO after delay t,,,,. 
During an EEPROM read operation, the reference clock 
output FL (pin 28), and LED indication output OE (pin 13), 
are undefined. This means that the FL reference clock 
signal cannot be used as a clock signal to a microproces- 
sor during EEPROM read-back. 

After EEPROM read-back has finished, the pager status 
is restored and pin FL. and OL will resume normal 
operation. 


e The out-of-range indication is interrupted when the 
call alert timer is active during an incoming call. If this 
is a problem to the uC, at least one of the following 
measures could be taken: 
the Duplicate Call suppression should be enabled, 
Cail Alert should be cancelled with one batch duration, 
the OR (out-of-range) hold-off time should be 
disabled. 

The OR output, pin 25, will now immediately show the 
OR condition, regardless of the ongoing alert. Ifa 
hold-off time is required, this may be realised in 
software in the uC. 


START-UP CONDITIONS 


e The PCF5001 is "reset" by the internal power-on reset 
circuit as soon as the supply voltage rises past 1.2 V 
The internal circuitry then waits for a clock signal for 
further activation of the decoder; without this clock 
signal, the decoder will not respond to key-presses or 
interface signals from a microcontroller. 

The decoder is intended to be powered-on 
continuously to act as a pager controller, at a typical 
operating current of 60 LA (at 1200 baud at 76.8 kHz. 
clock). 


e As the PCF5001 is a fully static device, no further 
start-up delays will be encountered when using an 
external clock. 
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e On using the internal crystal oscillator, some start-up 
delay will be noticed. This delay is depending on the 
type of resonator; rather long start-up times have 
been observed. 7 


e Ina display-pager situation, the micro-controller 
should make the decoder insensitive to random 
signals on the interface lines by keeping the interface 
enable IE (pin 19) low at start-up. The decoder will 
enter the OFF status at power-up and no start-up alert 
will be generated. 


¢« The contents of the EEPROM have to be programmed 
at first operation after delivery, no guarantees can be 
made to the initial contents. If one selects the 
EEPROM contents to be all zero, e.g. in a test set-up, 
this means to the decoder, that all RICs are enabled, 
the pager is in alert-only configuration at 512 baud 
(32.768 kHz crystal). See also "Synchronization". 


SYNCHRONIZATION 


e The PCF5001 is containing an algorithm for keeping 
track of the incoming information and synchronization 
to the POCSAG transmission protocol. Under design 
conditions, address codewords containing all zero’s or 
ones may be transmitted as part of a test set-up. Such 
codewords make it difficult for the decoder to maintain 
synchronization, because there are no bit-transistions 
to be detected. Such a test set-up should be avoided, 
as It may lead to erroneous conclusions about the 
pager’s sensitivity or sensitivity differences for 
information in different frames. 


e The decoder always checks a group of 32 bits fora 
preamble, sync. word address or message codeword. 


e The length of a standard preamble is 1 batch + 1 code 
word (544 + 32 bits). This ensures that a pager in 
Carrier Off state, activating itself one codeword per 
batch-duration, will always notice the start of a 
transmission. 


¢ Before the preamble is deemed detected, at least 28 
out of 32 bits must match a preamble pattern. This is 
equivalent to a tolerance of 4 random errors per 
32 bits. 
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A synchronization word is deemed detected, when at 
least 30 out of 32 bits are correctly matched to the 
sync. word pattern; this corresponds to a tolerance to 
2 random errors. 


ERROR CORRECTION 


“e 


The POCSAG code permits transmission errors to be 
corrected at the receiver (decoder) side. Transmission 
errors may occur in many forms; some are more likely 
to happen than others. 

Two main error correction schemes are adopted; 
correction of one or two bit errors at random positions 
or four bit burst errors. 


The POCSAG Standard does not specify a particular 
correction method, but leaves the choice to the 
designer. In any case, the method to be selected will 
have to exhibit a good call success rate and a low 
false alarm rate. 

For the PCF5001 the 4 bit burst method has been 
selected for the address decoding and a single bit 
random method for the message contents. 
Comparison of a two bit random error method against 
the four bit burst in the address word under laboratory 
test circumstances, shows that 90% call success rate 
is achieved at 2.7% Bit Error Rate for two bit random 
method against 1.7% at 4 bit burst. At this level, the 
1% BER difference corresponds to approximately 

0.5 dB sensitivity difference. 

Using bit error patterns from radio channels in field 
tests, this difference reduces to 0.25 dB, on or below 
the edge of measuring accuracy. 


PRIVATE AND GROUP CALLS 


The PCF5001 supports up to four different user 
addresses (RIC) in two different frames (two per 
batch). This means, that the same pager may be used 
for private messages, (selected) group calls and 
general (news) services. 


In PCF5001, all four RICS can be separately enabled 
or disabled by EEPROM programming. Of the 21 bits 
of a full user address, the first 18 bits are actually 
being transmitted, while the last three bits are 
determined by position of this transmission within the 
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batch (eight frames in a batch). The pager will only 
look for information in the frame, it is programmed for. 
When two frames (in one batch) are enabled, the 
pager will be active during the sync. word plus 

2 frames. This will affect the power consumption of the 
pager somewhat; the trade-off between ease of 
multiple pager address operation vs shorter battery 
life should be made by the manufacturer (customer). 


OVERRIDE SILENT CALLS 


The PCF5001 may be used in the ON, OFF and 
SILENT state. In the SILENT state, the alert 
generation is normally non acoustic. 

The address positions (RIC) C and D can be 
programmed to enable a SILENT OVERRIDE call to 
reach the acoustic alarm (on the AL output, pin 15 and 
AH output, pin 12); this facility permits urgent calls to 
reach the immediate attention of the user even though 
the pager is in SILENT state. 


NEGATIVE SUPPLY VOLTAGE 
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The PCF5001 is produced in an IC process, having 
the substrate connected to the positive supply pin 
Vdd. The circuit’s supply current is drawn from the 
negative supply pin Vss; power switching should 
therefore preferably be done via this terminal. 


Usually, all circuit references are made with respect to 
a common "plane". In PCF5001, this common plane is 
advised to be connected to the circuit’s substrate; the 
positive supply pin. All voltages in the data sheet are 
referenced to substrate and will therefore appear as a 
negative value. 


All decoupling for this circuit should also be done to 
this “ground-plane", that should be electrically 
separated from "ground-planes" referencing to a 
negative supply. 


It also follows, that the voltage , convertor produces a 
doubled voltage (on pin V._.) referenced to the 
positive supply pin, V,, so a voltage that is more 
negative than the negative supply pin. This voltage 
also shifts the level of the interface lines to the 
microprocessor. 


Philips Semiconductors 


Question and application hints 


VOLTAGE DOUBLER 


The voltage doubler is designed to operate with a 
capacitor of 100 nF between CP, pin 3 and CN, pin 2. 
Changing this capacitor hardly changes the value of 
Vref, but will change the ripple form as rise and fall- 
times are affected. : 

A reservoir capacitor of 10 uF should be connected 
between Vref and Vdd. The value of this capacitor 
largely determines the ripple on Vref: the larger the 
capacitor, the lower the ripple and the higher the 
convertor efficiency. 

The ripple voltage is also proportional to the output 
current. 

In general the doubler is capable of delivering 600 LA 
at 2.7 V output on a 2 V supply and 900 LA at 4.5 V 
output on a 3 V supply. Using the internal voltage 
doubler, automatically takes care of the logical voltage 
levels of the interface to the microprocessor. 


PROGRAMMING THE EEPROM 


At programming, the supply voltage for the decoder 
should be typical -5.0 V, minimum -4.5 V; according to 
the data sheet. 

Some pager designers have reported, that program- 
ming is possible above 3.3 V. Although this is not 
guaranteed, sample testing has shown minimum 
programming voltage to be between 2.7 and 3.1 V at 
25 °C. 


Care should be taken during programming to ensure 
that the voltage on the reference pin Vref (pin 1), does 
not exceed the maximum value specified when using 
the voltage doubler. With respect to Vdd, the voltage 
on Vref should not exceed Vss - 0.8 V. 


A better way is to always start programming by first 
disabling the voltage doubler, then programming the 
addresses and finally enabling the voltage doubler 
again as a last programming action. 


When connected to the UAA2080 receiver, the 
programming voltage may also reach the receiver. 
Make sure, the receiver is disabled during program- 
ming by setting RE, pin 14 at low level. This is achived 
bye selecting the OFF status on the PCF5001. 
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Although the UAA2080 is specified at an operational 
voltage range of 1.9 V - 3.5 V, the limiting value on Vp 
is 8 V (all ground pins connected together). The 
programming voltage for the decoder at 4.5-5V 
appears not to harm the receiver when switched off at 
RE =0.V. 


In the application diagrams a diode is used to 
disconnect all other pager circuits (receiver, micro- 
processor) during programming at or above 4.5 V. 
This precaution is connected to these particular 
circuits and may be omitted when not necessary. 
When using a receiver type UAA2033 or UAA2050, 
this safety precaution is a must; it may be better to 
also check the uC. 


Care should be taken with the decoder crystals, 
connected to X1 (pin 9) and X2 (pin 10) of the 
decoder. At "normal" pager operation, the supply 
voltage is low enough to have the crystal run within 
the specified power limits, usually around 1 uwW. At the 
programming voltage level of 5.0 V, the crystal 
dissipation may go up to 2 wW. The manufacturer 
should be consulted for the effects on the crystal life- 
time under these conditions. 


EEPROM programming/verifying is possible at high 
clock rates. 

Although usually clock rates of 32.768 kHz or 
76.800 kHz will be used, a clock frequency of 

153.6 kHz is also permitted. It is reported, that clock 
frequencies at least up to 500 kHz may be used with 
good result. 
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AVAILABLE OPTIONS 


The Test and Programming Unit OM4718 is designed 
as a development tool for the decoders PCA5000ATD 
and PCF5001. Although being a flexible tool, not all 
functions inside the decoders may be reached: 


The Duplicate Call Suppression option cannot be 
disabled, this is fixed to the "enabled" position. 


The Repeat Alert option is also permanently enabled. 
This option is intended to make the user aware of the 
fact that a call alert was not cancelled and is still in 
memory. 

The Alert time can be reduced to 2 seconds, by 
selecting the "Pager Test Mode"; the alert level then is 
"low", which is normal for the first 4 seconds of an 
alert. 


There is no option for High Level Alert testing through 
the TPU; a High Level Alert may be measured directly 
at the alert output AL (pin 23), preferably though a 
buffer stage. 


For further information on the OM4718 please refer to 
the "Pager development tools and material" OM4718. 


LOW VOLTAGE TESTING 


When connecting the OM4718 to the PCF5001T 
demonstation board, OM4706, be aware of testing the 
decoder under low voltage conditions. 

In the TPU, a series diode is placed in the Vbat. line to 
prevent dis-charging of the batteries during EEPROM 
programming. This diode accounts for 0.6 - 0.7 V drop 
of the supply voltage. Replacing this diode for a 
Schottky-type (e.g. a Philips BAT 85) will reduce this 
voltage drop. 

When operating the OM4706 in a stand-alone position 
(with a link between connector pins 14 and 15), or 
together with a receiver board, there is no problem 
and the decoder will work well down to 1.5 V. 
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BAUD RATES 


The decoder may be programmed though the TPU, 
OM 47718, to run at different baud rates. This baud 
rate programming in the decoder is accomplished by 
means of the control bits SPF 02 and SPF 03. 

The crystal has to be selected accordingly. 


Using the TPU, SPF 03 will be programmed at a logic 
O and SPF 02 may be selected through the dip switch 
DIP 3 at OM4718. Through this set-up the following 
settings may be accomplished: 

512 baud at 32.768 kHz, SPF 02 = 0 

1200 baud at 76.800 kHz, SPF 02 = 1 

2400 baud at 153.600 kHz, SPF 02 = 1 


Other settings for SPF 02 and SPF 03 are blocked 
when using the TPU. For testing through the TPU, 
only the options for 512 baud and 1200 baud may be 
selected. 


The decoder board OM4706 is equipped with crystals 
for 32.768 kHz and 76.800 kHz Modification to 
153.600 kHz should be done by the user. 


ALERTER ENHANCEMENTS 
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To enhance the output capability of the alerter, it may 
be useful to select an alerter of lower impedance than 
is on the decoder board OM4706 at present. The 
(electro-magnetic) alerter impedance on the board is 
50 Ohms. 

The efficiency of the alerter is important. Apart from a 
high efficiency alerter device, a proper acoustic 
transformer from the transducer to free air (encasing, 
acoustic horn) will enhance the efficiency. 
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INTRODUCTION 


Quartz crystals and ceramic resonators (PXE resonators) 
are widely used as timing elements in integrated circuits. 
For many applications the important question is not the 
accurate oscillation frequency, but a guaranteed start-up. 
Typical questions are: % 


e Which circuit elements are important for the 
oscillator’s operation? 

¢ How must the resonator and the oscillator circuit be 
specified to ensure operation under worst-case 
conditions? 

e Can a quartz crystal in a given circuit be replaced by a 
lower-cost PXE resonator? 

e Why does the circuit no longer oscillate if a 4 MHz 
crystal is replaced by a 32 kHz crystal? 


After a short oscillator circuit review, the start-up situation 
is explained graphically in the impedance plane. 
Simplified analytical expressions are then derived which 
describe the safe start-up range and allow the influence 
of the important circuit parameters to be calculated. 
Special emphasis is placed on CMOS circuits. The 
accurate frequency calculation and the tuning range, 
which are well documented tn other publications [1,2] are 
not discussed in this paper. 


In the second part of this chapter the frequency pulling of 
quartz resonators is discussed. It will be explained that 
the pulling range is coupled to the overtone of the 
particular crystal vibration mode. Also the influence of the 
material resistance will be considered. 
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START-UP CONDITIONS FOR X-TAL AND 
PXE OSCILLATORS 


1. OSCILLATOR EQUIVALENT CIRCUIT 
1.1 Basic circuit 


The standard oscillator circuit is the so-called Pierce 
oscillator. The amplifier is an inverter with a phase shift of 
180°. The resonator is in the feedback path and provides, 
together with the capacitors at the input and output, the 
additional 180°. phase shift. Oscillation will start if the 
loop gain at 360°. phase shift is higher than one. The 
oscillator amplitude increases until the over-all loop gain 
is reduced to one through non-linear effects of the 
amplifier. 

Because the oscillation amplitude is small initially, small 
signal equivalent circuits can be used to describe the 
start-up conditions. 


1.2 Amplifier equivalent circuit 


The inverting amplifier may be realized through many 
different circuits. Bipolar or MOS transistors can be used 
as active elements with various feedback schemes to 
bias the inverter in the active region. All these circuits can 
be described by an equivalent circuit (Fig.2), which 
contains as an active part a current source, which is 
controlled by the input voltage and RC components 
between all three terminais. 


Ol—- 





Pha 


Referring to the equivalent circuit, the transconductance 
g,, is the most important parameter of the amplifier. C.,, 
C., and C, are only partially determined by the transistor 
capacitances, the main part is due to the elements 
protecting the circuit against static discharge, the bond 


Poy 


Fig. | Pierce oscillator 
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pads and wiring capacitance (bonding wires, lead frame, 
socket capacitance). 

C._, and C., present no problem, as they appear in 
parallel with the load capacitors C,, and C,, which can be 





GROUND 
Fig. 2 Equivalent circuit of the inverter amplifier 


adjusted accordingly. However the feedback capacitor C,, 
which may have a value of several picofarads (input and 
output pins are usually adjacent), cannot be directly 
compensated for. As will be seen later, the resistors R, 
and R, cause unwanted phase shifts. Therefore their 
resistances should be as high as possible. The feedback 
resistor R, further attenuates the oscillator. Its influence 
dominates in low frequency oscillators. 

Fig.3 shows the typical performance of two CMOS 
inverters. The transconductance is the sum of the N- and 
the P-side. For a conventional inverter, the 
transconductance (and also the current consumption) is 
strongly dependent on the supply voltage. Source 
feedback resistors can be used to reduce this effect. 


Independent of the degree of the feedback there exists a 
strong correlation between the transconductance and the 
output impedance: the small signal output conductance 
G, = 1/R, is in a first order approximation proportional to 
the transconductance g. . 

For CMOS circuits the elements of the equivalent circuit 
remain constant up to the frequencies of interest. This 
means that the values for g, and R, can be measured at 
DC or at low frequencies and need not to be determined 
at the oscillating frequency. 
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1.3 Resonator equivalent circuit 


It is well known from the literature that an electro 
mechanical resonator can be represented in the . 
neighbourhood of the resonance frequency by a series 
connection of a large inductance L,, a small capacitance 
C , and a damping resistance R_, in parallel with the 
static capacitance C_, (see Fig.4). The equivalent circuit 
of a ceramic resonator sometimes contains an additional 
parallel resistor R_,. If such a resistor is specified it can 
be combined with the feedback resistor R, of the amplifier 
for the purpose of calculation. 


The series resonance frequency f, is defined as the 
resonance of the series branch: 


Pont ae 
ane, 


The somewhat higher "parallel resonance" frequency i is 
given by the resonance of the series branch in parallel 
with the static capacitance C_, (which results in a series 
connection of the two capacitors C,, and C,, whereby C_, 
is always much larger than C_,). 











af Se) 
2m Ly Cx Cx 2C yo 
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The oscillator frequency always lies between f,, and f.. 
Table 1 shows typical values for 5 different resonators. 
Compared to the ceramic resonator, the quartz crystal 
has a much higher effective inductance and a lower 
dynamic capacitance C_, which resuits in a significantly 
smaller range between f, and f,: Another important 
difference is the much larger static capacitance C_. of the 
ceramic resonator. 


| 
Lx i 
4 [|] > I 
Cx xO 
iRxo 
=> Vpp{V) } | Rx1 4 

nine 

Fig. 3 Transconductance and output impedance of aCMOS 


inverter without and with source feedback resistors Fig. 4 Resonator equivalent 
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5 mH 


2 0.54 


3.6 0.02 oF 
35 4.5 oF 
15 10 Q 


1.002 


Tab. 1 Typical circuit parameters for 5 different resonators 








The damping resistor R,, is not constant; it depends 2. OSCILLATION EQUATION 
somewhat on the vibration amplitude and unfortunately 
increases for low power levels. Since oscillation starts Fig.6 shows the equivalent circuit of the complete 
from zero (i.e. noise) we have the worst case condition oscillator. The feedback elements of the amplifier are 
for R_, at start-up. This "drive-level dependency" effect is combined with the resonator. The resulting impedances 
not very large for quartz crystals of a standard quality, but are: 
cheap, low-quality crystals can show a significant 1 
increase (see Fig.5). Such an excessive damping is often Z, => oC IR, 
hard to detect, because it can show a large hysteresis. a 
This means it can disappear for a long time after the 
crystal has been excited with a certain power level. 1 
Tab. 1 Typical circuit parameters for 5 different resonators Z, = jac IR, 
2 
Z=[R +joL,+ } IR (1) 
: es . ja@cy, jO( Cor Ce) ° 


Damping Res. R,,; [Q] 





The basic oscillation equation is derived from the 
equivalent circuit of Fig.6B. The output voltage v, is: 


‘= —g.Vi[Z> ! (Z,+ Z.)| (2) 


The loop gain is one, if the voltage fed back to the input is 
equal to the initial input voltage v,. 


Z 
. Vv, =Vv,—— (3) 
Drive level [mW] Z,+Z, 





Fig. 5 Damping resistance R_, as circuit a function of the 


drive level(3) 
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Equation (3) together with (2) gives the steady state 
oscillation condition: 
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yee oe ae 

al (4) 
ZL, 

The circuit elements (1) are now inserted into (4), which 
gives an equation with w as a variable. Since g_ is a real 
number the imaginary part of (4) has to be zero. This 
leads to a quadratic equation with two solutions for @ and 
therefore also for g_. As will be seen later, these two 
solutions for g_ give the maximum value for which an 
oscillation is possible. It has already been shown in 
previous publications (4,5) that start-up conditions are 
only fulfilled if the trans-conductance is in a certain range, 
but the derived equations are either too complicated 
(computer solution) or too much simplified (no resistive 
components other than R.,). 


Equation (4) together with (1) can of course be accurately 
solved with a short computer program, but at the same 
time the relation between the circuit parameters is lost. 
An exact analytical solution is also possible, but yields 
long expressions so that the overview is also lost. 

A good understanding of the circuit behaviour can be 
obtained from a vector diagram in the impedance plane. 
Equation (4) is rewritten in the form: 


a le’ Sa Ain oy i en (5) 


Since the frequency range of interest is very small (be- 
tween f, and f,, see table 1), we can make the following 
simplification: Z, and Z, are considered constant ( is 
replaced by w,), the only important impedance variation 
as a function of the frequency results from the series 
branch of the resonator, where the imaginary part is given 
by the difference of two very large numbers 

(oL,- 1/@C_,). The two sides of (5) are now plotted as 
a locus in the impedance plane (Fig. 7). The left side of 
the equation is a straight line with gm as a variable (the 
negative sign is due to the 180° phase shift of the 
inverter). The right side is a very large circle with w asa 
variable. The important properties of the circle Z,(@) are 
derived in Appendix A. It has to be pointed out, that for all 
5 oscillators given in table 2, the radius r, of the 
impedance curve Z,(w) is very much larger than Z,, Z,, 
and X,, so that Fig. 6 is not to scale. The intersection of 
the line -g_ Z, Z, with the locus of the impedance 

(Z, + Z, + Z, (w)) give the two solutions for g_. 
Oscillation is only possible, if g_ is in the range between 
and g This can be explained as follows: in the 


Din min m max 
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Fig. 6 Equivalent circuit of the complete amplifier 


start-up situation we have no steady state condition, 
which means that equation (5) is not fulfilled. The 
oscillation start with a small amplitude and increases. 
During this phase, electrical energy is pumped into the 
storage elements L and C of the circuit. This is a loading 
effect which can be represented by an increase of the 
damping resistor R,, and an increase of the real part of Z, 
and Z,. 

The increased damping resistor leads to a smalier 
diameter of the impedance circle (see equation 16), the 
increased real part of Z, and Z, causes a counter 
clockwise rotation of the line -g_ Z, Z,. Both effects move 
a point which does not lie betweeng . andg__.. even 
further away from an intersection with the locus 

(Z,+Z, + Z,), so that the loop gain equation can never be 
fulfilled. For a transconductance betweeng. andg_ 
the oscillation amplitude increases, the inverter enters 
nonlinear regions, and the average transconductance 
output impedance decrease (angle 6 in Fig.7 increases) 
until a steady state condition is reached. 

The start-up time depends strongly on the quality factor 
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of the resonator and on the DC-conditions at t = 0. The 
calculation of the start-up time is thoroughly treated in the 
paper of A. Rusznyak [5]. 


ix} 3 


locus { Z; + Z2 + Zs (w) ) 


— Bn max Zt Z2 


— gm min Z1 Z2 
@ R 





L 
5 


Fig. 7 Equation (5) plotted in the impedance plane. The 
left hand side is a straight line with g_ as a variable, the 
right hand side is a large circle with @ as a variable. The 
two solutions of the equation are given by the 
intersections. 


3. APPROXIMATION FORMULAE 

3.1 Conditions 

With a few assumptions, it is possible to get manageable 
analytical expressions for the minimum and the maximum 
transconductance. 

These assumptions are: 


a) The real parts of Z, and Z, are small compared to the 
imaginary parts. 
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ReZ, 1 
tand, = = ——— <<] 
ImZ, OR,C, 
ReZ 1 
tand, = <2 <a 


The real and imaginary parts are approximated by: 


] 
ImZ, aa a laeeren (6) 
ReZ, = Im7Z,- tand es ee 
| | 1 R,(@C,) (7) 
1 
ImZ, =~ |Z,| = —— 8 
= lal=ae 8) 
Re Z, =ImZ, - tanod a 
2 2 2 R,(@C,) (9) 


b) Angle o is small (see Fig.7). This means: 


(C,, = C,) as an 


c) Z, and Z, are much smaller than the diameter of the 
locus Z,(@). 


d) The feedback resistor R, is very much larger than the 
damping resistor R., of the resonator. 


When looking at the numerical values of a specific circuit, 
one sees that conditions b), c) and d) are always fulfilled; 
only condition a) can cause some problems. From Fig.7 it 
is obvious that oscillation is impossible if the sum 6 of the 
two loss angles 6, and 6, approaches 90°. For a stable 
design it is important therefore to keep the value 6 as 
small as possible. The error of the approximation 
formulae does not exceed ten percent, provided that the 
angle 6 stays below 30°. 
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3.2 Maximum transconductance 
From Fig.7 we get directly: 


ly a 


Din max 1 2 


The radius r, of the impedance circle is derived in 
Appendix A, equation (16). Together with equations (6) 
and (8) g becomes: 


m max 


Cie, 
Ryi(Cxot Cp) +1/(@R,) 


g mmax _ 


(10) 


For oscillators in the Megahertz range, the first term of 
the denominator dominates and the influence of the 
feedback resistor is negligible. However for oscillators 
under about 100 kHz the second term becomes the 
dominating part and the maximum allowed 
transconductance is strongly reduced by the feedback 
resistor R, (See Fig.9). 


3.3 Minimum transconductance 
The minimum transconductance is usually of much more 


interest than gm max. The derivation which takes a bit 
more space is done in Appendix B. The result is: 











C, + C, 


RC RG 


CC, 2 ee. 
Simin [2 C, +E] Re w (Cyot Cet Ce) +e} 


Where C, is the series connection of C, and C,: 

C, =C,C/(C, + C,) 

The first term of equation (11) is usually the dominating 
part. For a given load capacitance C, it is proportional to 
the function (2 + C,/C, + C,/C,) which is shown in Fig.8. 

It has a minimum for C, = C,. In circuits where no 
frequency tuning is required, it is therefore recommended 
to use more or less symmetrical load capacitors. 

For C, = C, equation (11) simplifies to 


“. J 
HAR @ (Care rC,) $F le) 
ot ( cas J) R, R, R 


Simin 
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0 , 
0.2 0.5 | 
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Fig. 8 The necessary transconductance increases if the 
capacitive loading of the resonator is not symmetrical. 
See formula (11). 


3.4 CMOS circuits 


For CMOS inverters a further simplification is possible 
The input impedance is usually a pure capacitance 

(R, = 0). The output conductance 1/R, is more or less 
proportional to the transconductance g_, (see Fig. 3).A 


safe value is: 
R,= 20/g_, a 


Equation (11) becomes therefore: 


(2+C/C,+C,/C,) ; 2 I 
= Re Or (COG oe 
S mmin f=C./20C, XI ( xot\F 2 R, 


For the condition C, = C, the minimum transconductance 
iS: 


g mmin 


421 R0'(Cos C,.+ orn +z (14) 
F 
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Material 
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Tab. 2 Allowed transconductance range for the 5 resonators of Table 1. Calculations are done according to equations 


(10) and (14) with worst case values for R,, and C,, 


4. DISCUSSION AND GUIDELINES FOR DESIGN d) For low frequency oscillators (which are not specially 


Table 2 shows the range of transconductance for the 5 
resonators of Table 1 in a typical oscillator circuit The 
calculations are done with worst case values for R,, and 
C.,, which are usually two to three times higher than the 
specified typical values. 


There are several interesting points to be noted: 


a) The necessary transconductance does not depend on 
the dynamic elements L, and C,, of the resonator. L, 
and C,, determine the oscillating frequency. 

For specifying the frequency of the quartz crystal it 
has to be kept in mind, that the effective load 
capacitance seen by the crystal is not only C, but 
iC, +C,). 


= 


The large static capacitance C,, of ceramic resonators 


results in a rather high gm min. and in a strongly e 


reduced 
Din max '9.., min range. 


— 


) For Megahertz quartz oscillators, g___,, is mainly 
determined by R,, and the load capacitance; the 
influence of the feedback resistor can usually be 
neglected. The maximum allowed transconductance 
g is very large and usually causes no practical 


“im max 


problems. 
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designed for low current consumption), start-up is 
often a problem because the inverter exceeds the 
maximum allowed transconductance. If a 32 kHz 
oscillator has to be built with a given inverter of 

g,,= 1 MA/V and R, = 20 kQ, it will not work if the 
crystal and the capacitors are connected directly to 
the inverter because the transconductance is too large 
and the phase shift (90° - 5) at the output is much too 
small. = 

A solution is to connect a large resistor R, in series 
with the output (Fig. 9). This resistor reduces g_ by the 
factor R,/(R, + R,) and increases the output 
impedance to (R, + R,) so that an acceptable phase 
shift is reached at the output. Without this series 
resistor the circuit will not work at all, or it will oscillate 
at a harmonic frequency of the crystal, where the 
oscillation conditions are fulfilled. 


The transconductance range of a low frequency 
quartz oscillator is strongly determined by the 
feedback resistor R, (see Fig. 10). The feedback 
resistor has to be at least several Megohm to ensure 
an adequately safe operating range. Very high 
feedback resistors on the other handlead to the 
danger that leakage currents on the circuit board can 
cause a shift of the input DC-voltage and the oscillator 
will never start. 
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ng R2=20kQ ag 


Fig. 9 A resistor in series with the output of the inverter is 
often necessary for low frequency oscillator to achieve 
safe operating conditions. 


200 
100 fos = 32.8 kHz 
Rx}; = 40 kQ 
350 
Cxo + Cr = 6 pF 











a 


] 1 
1} 2 § 10 20 50 100 
——— Re [MQ] 


Fig. 10 Allowed transconductance range for a 32 kHz. 
oscillator as a function of the feedback resistor. 


1989-11 


Pager Applications Handbook 


Crystal and PXE oscillator considerations 


5. CONCLUSIONS 


The start-up conditions for resonator oscillators are 
explained graphically in the impedance plane. This 
representation directly shows that oscillation is only 
possible if the transconductance of the amplifier exceeds 
a minimum value, but that there is also a maximum 
allowable transconductance. Approximation formulae 
which include all resistive components are derived so that 
the allowed transconductance range can be easily 
calculated. Looking at the results of typical oscillator 
circuits, it may be seen that for frequencies above 1 MHz, 
start-up problems are usually caused by an amplifier 
transconductance which is too low. The start-up problems 
for oscillators below 100 kHz are mostly caused by a 
transconductance which is too high, and by the feedback 
resistor, which significantly reduces the allowed 
transconductance range. 
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APPENDICES 
Resonator Impedance 


To get the locus of the impedance Z,(w) we start with the 
series branch (R_, + j@L, + jaC,,) of the resonator. In the 
Z-plane this is a straight line (Fig. 11A) with was 
parameter. This line is transformed into the admittance 
plane (Y = I/Z, Fig. 11B), where it becomes a circle with 
/R,, as diameter (Moebius transform). In the Y-plane, the 
admittance of the parallel branches R, and (C,, + C,) can 
be added directly. This gives a small shift of the 
admittance circle (Fig.11C) by the value I/R,+ ja(C,, + C,). 
The locus Y,() is transformed back to the impedance 
plane (Z, = 1/Y,). This results in a circle again, but 
mirrored at the real axis. The points on the real axis are 
called the "resonance point" and “anti-resonance point". 
Since a is very small (usually less than 5 degrees), the 
diameter 2 r, of the circle in the Z-plane is approximately 
equal to the resistance at the anti-resonance point. 

] ] 


25.2 —————= = (15) 
GetG, G,_t+l/R; 


Gc is derived from Fig.11C: 











i ok : ; 
= ZR 77 — 0° (Cot Cz) = Ry, 0 (Cyot Ce) 


Inserted into (15) we obtain for the diameter of the circle 
1 
“Rae (Cae. FUR: (16) 


The distance of the centre from the real axis is: 


Zt, 


X,=Ftana=2r,R,0(C,+C) (17) 
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Z - PLANE ‘Y - PLANE 


\ Rx 1 + J(OLx = =) 


: { 
+— Zs = Rx} + fbx eer aat 


Antiresonance 
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Resonance 
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i, Gmas 
(eo  NGeaGe, 





Fig. 11 Almpedance locus of the series branch of the resonator (with w as variable) 
B transformed into the admittance plane 
C parallel branches (C,, + C,) and R, added 
D Transformed back into the impedance plane 
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Minimum Transconductance 


The calculation of g__ _,, is done with the diagram of Fig.7 
which is partially redrawn in Fig.12. To get the right 
proportions, one has to keep in mind, that the difference 
be-tween the parameters is much larger than shown 
here. Typical values for a 10 MHz oscillator are: 


R= 202 
Z = 2,=1kQ 
X, = 2kQ 
r= 100 kQ 


In the region of interest, the impedance curve Z,(@) is 
therefore almost parallel to the imaginary axis. 


{ Z1 + Z2 + Z3 (@) J 






yx 






|-—&m min Z; Z2 


— —w ame ome we 


Re Z; + Re Z2 


Fig. 12 Impedance plane of Fig.7 with expanded details 
around the origin 


For small angles 5, we have 


IZ, /Z,| ~ R, 


Gn min 


inserting equations (6) and (8), we get: 


= R,w°C,C, (18) 


Gin min 


This simplification is no longer valid, if 6 exceeds about 
30°, aS g__ ain Will then increase. 
The value R, consists of 4 parts: 
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R, = ReZ, + ReZ, +R, +R, (19) 


ReZ, and ReZ, are given in eqs (7,9). The values for R, 
and R, are: 


Ry = Ren (fg+X -y) 
Ry = a+ 


Taking only the first term of the series expansion of the 
square roots, we get: 





(X, 4) ge 


2 
x,+X —_ xX 
pt ae ee 2 J -=R, + 
215 


X,(2X,+ X,) 
2% 


Z 


Inserting equations (16) and (17) into eq.(20) and 
rearranging gives a rather simple expression: 


2 


R,+R, =R,x,[1+0(Cyo+ oP. +o 
F 


Together with (see Fig.12) 
1 ce ool 


xX, =—- + —— = — 
aC, OC, aC, 


Equation (19) becomes: 


| 1 
Reale Se eS | Ge 
* Riae,) Rac, ) ol 


Cyot “) ‘ 
GC; (mC, ) R, 


Inserted into eq. (18) we eventually get: 








eS, 
2 sain (2+8 | Ro (Cygt Cp +€ .) + + 
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FREQUENCY PULLING OF QUARTZ 
RESONATORS 


1. Introduction 


Quartz resonators, "Crystals", are used as stable 
frequency determining elements in oscillator applications. 
The quartz resonator frequency, as made by the 
manufacturer, will show some deviation from the target 
value due to the production process tolerances. A tight 
frequency tolerance requires a more expensive 
production process and often also yield loss, resulting in 
a higher price. The oscillator circuit also modifies the 
operating frequency of the quartz resonator. 

The most practical solution is an oscillator circuit design 
in which the frequency can be adjusted by a variable 
element, in general a trimmer capacitor. The natural 
series resonance of the quartz resonator is pulled to the 
target frequency by modifying the oscillation conditions 
with the trimmer capacitor. This note explains the 
limitations of frequency pulling of quartz resonators and 
some elements of the oscillator circuit design with respect 
to pulling. 


2. Pager quartz resonator requirements 


Pager systems require accurate frequency adjustment of 
the paging receiver because of the narrow frequency 
bands (channels) in which they operate. Pager system 
characteristics require maximum deviation from the 
channel centre frequency of about 15 ppm for 150 MHz, 
down to 2.5 ppm for centre frequencies in the 930 MHz 
band. This level of accuracy can only be obtained with 
high performance quartz resonators and dedicated 
oscillator circuits. 

But even then the pager receiver manufacturer needs to 
adjust the oscillator at the exact centre frequency to 
guarantee that the frequency stays within the maximum 
limits due to temperature and aging effects. Unfortunately 
a large pulling range, although desirable from 
manufacturing point of view, conflicts with the quartz 
resonator characteristics and high stability requirements 
for pagers, SO a compromise is required. 
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2.1 The Quartz resonator 


A quartz resonator utilizes the piezoelectric properties of 
quartz in a mechanical vibration mode. AT-cut quartz 
plates are used in the thickness shear-mode, when high 
frequency resonance with good temperature 
characteristics and stability is needed. 

AT-cut is referring to the orientation of the thin plates with 
respect to the axes of the mono-crystalline material. 


The thin plates are cut from a quartz bar in a parallel 
sawing process. Determining and maintaining the AT-cut 
with a very tight cutting-angle tolerance during the 
production process is a challenge for quartz crystal 
manufacturers. For this type of crystals, one arc minute 
tolerance variation represents about three parts-per- 
million shift in the temperature compensation factor. 


AT-cut plates are optimum regarding the temperature 
coefficient of the resonator with respect to piezoelectric 
activity, elasticity and mass. 


When thin metal electrodes are deposited on the quartz 
plate, the resonator can be represented by an electric 
LCR series-circuit with a parallel capacitance (C,). 

The series resonance frequency is determined by the 
thickness, for AT-cut plates: 


Fs (MHz) = 1.661/thickness (mm) 


In the past, the electrical characteristics of the quartz 
resonator were empirically determined and the “activity 
(R,) was a matter of fortune. Today, the theoretical 
calculation of the so called motional parameters C,, L,, 
and R, of the resonator is also possible. 

The complex calculation is based on the physical 
characteristics of quartz, involving: elasticity, mass, 
piezoelectric coupling, trapping, dielectric constant, 
dimensions and thickness of the quartz and electrode 
material. 


The capacitance C, caused by the metal electrode, with 
area "A", opposite to each other at distance "d", is: 


C,=€,*¢,*A/d 
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The substitution diagram of the crystal parameters follow 
from figure 1. 


Ly 


C; Co 
R; 


Fig. 1 Substitution diagram of a quartz crystal 

By convention between quartz crystal manufacturers, the 
equivalent electrical, motional circuit parameters are 
always stated as L,, C,, R,; this also holds for overtone 
units. 


The equivalent electric circuit shows two resonance 
frequencies, 


- Fs the lower series-resonance frequency determined 
Dy be CRG 

- and Fp determined by the parallel circuit of L,, C,, 
R, with C,. 

2.2 The coupling factor 

The ratio between Fp and Fr is given by the equation: 

Fie Sa(C eC), 

The ratio CO/C1 is in principle a fixed quantity: 

C/C, =r=n* {(1 - k? )/k*}/8 

wnere k is the electromechanical coupling factor. 


For AT-cut quartz crystals, k = 0.088, resulting in a ratio: 


CJC, =r = 159 
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For flat quartz plates this "ideal" ratio cannot be obtained 
in a practical resonator due to trapping of contaminating 
atoms and non ideal plane-parallel surface the k factor is 
much lower. Practical values of r are in the range 

190 - 500 for the quartz plate; the holder capacitance, 
most often a metal can, increases this ratio to even 
higher values. 


2.3 Overtone crystals 


All mentioned results are for fundamental mode 
resonators. The highest frequency which can be obtained 
for fundamental crystals by using a standard production 
process is about 35 MHz. 

For higher frequencies, as needed in most pagers, quartz 
plates are vibrating in odd overtone modes (3, 5, 7,..). 

On analyzing the motional parameters of quartz plates 
vibrating in overtones, one finds the equivalent capacity 
in the series branch to decrease with the inverted square 
of the overtone mode; 


C, = C,/9, C5 = C,/25, C, =C,/49 

In most cases we are interested in the relative frequency 
difference between series and parallel frequency. For 
quartz resonators with high Q factor and high C,/C, ratio 
we can use the simple formula: 


(Fp -Fs)/Fs = C, / (2* C,) 


As an example, assuming C,/C, is 210, we find: 


Fundamental mode 1/2 * 210 =2400 ppm 
Third Harmonic mode 1/2*210*9 = 265 ppm 
Fifth Harmonic mode 1/2* 210* 25 = -95 ‘ppm 


For small practical shielded fundamental and overtone 
quartz resonators a typical C, value is 6 pF, including the 
shield capacitance. 

With the motional capacitance C, of fundamental quartz 
units to be 10 - 50 fF for a frequency range of 

10 - 30 MHZ, the third overtone units show a typical C, 
value of 1.5 fF for the 30 -100 MHz range, and the fifth 
overtone C, is typical 0.5 fF for 70 -150 MHz. 
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Where the motional series resistance R, practically is 
about 10 ohms, the overtone units show higher values 
due to the frequency dependent losses of the quartz 
resonator. These losses generally also increase with 
decreasing resonator size. 


For more information on quartz crystal resonators, one 
should always consult the manufacturer; the parameters 
for any specific unit may vary by more than an order of 
magnitude. 


The chapter Pager Receivers, VAA2080 VHF/UHF 
Paging receiver; 2. Design of crystal oscillator, is dealing 
with further particulars of oscillator design and 
calculation examples. 


3. The complete oscillator. 
3.1 Load resistance 


From a practical point of view, a small tunable capacitor 
Cag iN series with the quartz unit, is most easy to 
implement. 

When the series-capacitance is tuned to a very small 
value, the oscillator will probably not start, or jump toa 
non desired mode of operation. 


This can be explained because the loss resistance of the 
crystal is transformed according to; 


R A Ce GIG 3): 


load se 


This means when C,..,=C,, the result is R.., =4R,; 


= 1/10 C,, this results inR,., = 121 R,; 


a practical oscillator will not operate properly at such high 


resistance values. 

3.2 The tuning range (pull-ability) 

Using the same approximation as above we can now 
express "pull-ability" to be the relative frequency 
difference; 

(Fp -Fs)/Fs = C12 *(C,+C,_.)} 


In practical oscillator circuits, C,, values should not be 


smaller then C,. 


load 
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In an example circuit, using a third overtone crystal, we 
find C, is 6 pF and C, is 1.5 fF. When using the load 
capacity C,., (6 - 30 pF) for tuning the oscillator, we 
calculate the highest frequency to be 62 ppm above 
series-resonance and the lowest frequency to be 21 ppm. 
This example circuit now shows a total pulling range of 
62 - 21 ppm with respect to the series resistance, or 
about +/- 20 ppm around a centre frequency. 


For the example circuit, the crystal unit will be ordered 
at a calibration frequency of 42 ppm above series 
resonance (mean value) at C,., is 12 pF. 

Quartz crystal unit manufacturers prefer standardized 
C...q Values with values of 8, 12, 15, 20, 30, and 50 pF. 
Standardised load capacitors decrease the measurement 
uncertainty at the manufacturers calibration service. 
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NEW DEVELOPMENTS 


In this chapter, some of the more recent developments on 
Pager ICs will be looked at. Although these developments 
have not yet resulted in new application reports, the 
information in this chapter may still be valuable for the 
designer. « 


1. VAA2082 


The well-known UAA2080 has been around for some 
time now, resulting in a host of application information 
(see chapter: Pager Receivers) and responses from the 
market and OEM Pager designers (see chapter: 
Questions and Application Hints). 

Based on the above information and requests, it was 
decided to design a derivative of the UAA2080, 
incorporating features, that make this design even more 
“application friendly". 


1.1 Battery-low detection 


In the UAA2080, the battery-low detection threshold is 
specified at a fixed voltage of 2.05 V (+/- 0.1 V over 
temperature). 

In the UAA2082, the battery monitoring circuit has an 
external sense input and a 1.1 V (+/- 0.07 V over 
temperature) detection threshold for easy operation in a 
single-cell supply concept. 

When the voltage on the SENSE input drops below the 
threshold voltage, the output of this monitoring circuit is 
available as a logical HIGH, at the BLI-output. This 
operation is equivalent to the UAA2080 situation. 

The designer now has freedom over the low voltage 
alarm situation in various Pager powering schemes, as 
the SENSE input may be divided down from any 
convenient voltage level. Also the tighter voltage 
tolerance over temperature on the detection threshold of 
the UAA2082 makes this new feature a useful addition. 


1.2 Power saving 


The oscillator circuit is revised, allowing for power saving 
possibilities under various conditions. 

In the UAA2080, the oscillator circuit is internally biased, 
leaving the designer the freedom of selecting the 
transconductance of the active element to suit his choice 
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of oscillator crystal by means of the external emitter 
resistor R5, that is in parallel to an internal resistor of 
1.8 kQ (see diagrams at chapter: Pager Receivers). 

In the UAA2082, the oscillator is to be biased externally 
at the crystal oscillator input terminal while the internal 
emitter resistor of 1.8 kQ has been omitted. The optimal 
external biasing is using a reference voltage of 

1.22 V (+/- 20 mV) and a series resistor of 22 kQ. The 
emittor resistor now becomes 1.5 kQ. 


The external bias scheme allows for various new design 
options. 


1.2.1 External oscillator. 


When using an external oscillator circuit design, the 
internal oscillator circuit may be switched-off completely 
by connecting the two oscillator terminals to ground. This 
option will save about 65 micro amp. as compared to the 
same situation, using UAA2080. 

In the external oscillator case, the new situation offers the 
designer a larger freedom in selecting the bias current, 
when using the receiver’s oscillator stage as an input 
buffer for the oscillator frequency. 


1.2.2 Internal oscillator. 


As is well known to any circuit designer; a design, 
operating with a high-Q tuned circuit will need some time 
to establish the desired operating condition. This time is 
longer at very-high-Q designs, e.g. when using quartz 
crystals. 


In pager applications, power saving is very important. For 
this reason, the pager receiver is switched on only, when 
the system is expecting information and switched off for 
the rest of the time. When the receiver is switched on, it 
will take some time before the receiver has reached a 
stable operating condition, mainly due to the oscillator 
“establishment time". During this period, all of the 
receiver circuits are active, draining power from the 


supply. 


In the new situation, using the UAA2082, it is possible to 
switch on the oscillator circuit through the external bias 
path, while leaving the rest of the receiver circuit 
switched off. At the end of the oscillator establishment 
time, the rest of the receiver is switched-on for normal 
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operation, using the receiver enable input, which controls 
the internal band-gap reference. 

This two-step switch on scheme may be accomplished 
with a simple receiver enable delay scheme using 
PCF5001, or with the two dedicated switch lines using 
PCD5003 (see also the comparison table 
PCF5001/PCD5003 and the appropriate data sheets). 


As the established oscillator consumes approximatly 10% 
of the total receiver current, power savings are very 
feasible using such a switching scheme. 


1.3 Packaging 


At this moment, the UAA2082 is available as UAA2082H, 
in TQFP32 package, this is the thin, plastic, quad flat 
package with 32 leads, version SOT358-2, 

UAA2082U, as naked die, 28 pads. 


1.4 Electrical and mechanical specifications 


All other electrical and mechanical specifications of the 
UAA2082 are identical to the UAA2080. This means, that 
all the information as mentioned in chapters: Pager 
receivers, Development tools and materials and 
Questions and application hints also hold for this new 
receiver. 

For more information on UAA2082, please refer to the 
latest data sheet. 


2. PCD5003 


In our series of decoders for the POCSAG Paging 
standard, the new PCD5003 is a major step forward. 
When compared to the popular PFC5001, many new 
features and utilities have been included, power has been 
lowered and the versatility enhanced. The following 
description from the preliminary data sheet gives an 
impression of this powerful device. 


2.1 General description 


The PCD5003 is a very low power Decoder and Pager 
Controller specifically designed for use in new generation 
radiopagers. The architecture of the PCD5003 allows for 
flexible application in a wide variety of radio pager 
designs. 
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The PCD5003 is fully compatible with CCIR Radiopaging 
Code No.1 (also known as the POCSAG code) operating 
at data rates of 512, 1200 and 2400 bits/s using a single 
oscillator crystal of 76.8 kHz. 

In addition to the standard POCSAG synch word the 
PCD5003 is also capable of recognizing up to 4 user- 
programmable Sync Words (UPSW’s). This permits the 
reception of both private services and POCSAG 
transmissions via the same radio channel. - 


Used together with the Philips UAA2080 Paging 
Receiver, the PCD5003 offers a highly sophisticated, 
miniature solution for the radiopaging market. Control of 
an RF synthesizer circuit is also provided to ease 
alignment and channel selection. 


On-chip EEPROM provides storage for user addresses 
(Receiver Identity Codes or RICs) and Special 
Programmed Functions (SPFs), which eliminate the need 
for external storage devices and interconnections. 

The low EEPROM programming voltage makes the 
PCD5003 well-suited for ‘over-the-air programming/ 
reprogramming. 


On request from an external controlling device or 
automatically (by SPF programming), the PCD5003 will 
provide standard POCSAG alert cadences by driving a 
standard acoustic ‘beeper’. Non-standard alert cadences 
may be generated via a cadence register or a dedicated 
control input. 

Via external bipolar transistors the PCD5003 can also 
produce a high-level acoustic alert as well as drive an 
L.E.D. indicator and a vibrator motor. 


The PCD5003 contains a low power, high efficiency 
voltage converter (doubler) designed to provide a higher 
voltage supply to LCD drivers or microcontrollers. 

In addition, an independent level shifted interface is 
provided allowing communication to a microcontroller 
operating at a higher voltage than the PCD5003. 


Interface to such an external device is provided by an 
I?C-bus. This bus allows transferring of received call iden- 
tity, message data, data for the programming of the inter- 
nal EEPROM, alert control and pager status information 
between the decoder and other pager components. 
Pager status includes features provided by the PCD5003 
such as Battery Low and Out-of-Range indications. 
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A selectable low frequency timing reference is provided 
for use in Real Time Clock functions. 


Data Synchronization is achieved by the Philips patented 
ACCESS algorithm ensuring that maximum advantage is 
made of the POCSAG code structure particularly in 
fading radio signal conditions. The algorithm allows for 
data synchronization without preamble detection whilst 
minimizing battery power consumption. 


2.2 Comparison table 
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Random and (optional) Burst Error correction techniques 
are applied to the received data to optimize on call 
success rate without deteriorating falsing rate beyond 
specified POCSAG levels. a 


When the PCD5003 is used in combination with a 
microcontroller, communication takes place via an 
l?C-bus interface. A dedicated interrupt line minimizes the 
required microcontroller activity. : 


When compared to the popular PCF5001 POCSAG decoder, it will become clear, that the PCD5003 may be regarded as 


a high-end device. 


Feature PCF5001 
Voltage range 15V-6.0V 
Supply current 60 LA typ. 
Temp. range -40 °C to +85 °C 


(restricted supply 


range -40 °C to -10 °C) 


Radio paging code POCSAG 


Baudrates 512, 1200 bit/s 
using 76.8 kHz crystal, 
2400 bit/s using a 
153.6 kHz. crystal 
Data filter built-in 
ACCESS algorithm built-in 
Alert -support beeper, vibrator, LED 
-control auto (POCSAG), 
alarm input 
-cadence fixed - 4 patterns 
-acoustic 2-level 


-repeat mode optional 


Call-termination 
condition 


programmable 


-duplicate 
suppression 


optional 


Error correction 4 bit burst (address) 


1 bit random (message) 


PCD5003 


1.5V-6.0V 
50 vA on, 25 uA off 
-25 °C to +70 °C 


POCSAG 
512, 1200, 2400 bit/s 
using 76.8 kHz crystal 


built-in 
built-in 


beeper, vibrator, LED 
auto (POCSAG), cadence 
register, alarm input 

fixed - 4 patterns, 

progr. via 8 bit reg. 

2-level 

no 


fixed, or externally 
programmable from call 
termination register 

no 


2 bit random plus 
4 bit burst (optional) 
(address and message) 
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Feature 


User-addr. (RIC) 
-frames 
-sync. word 


uC wake-up INT 
Real time clock 
reference 


Data inversion 
Pager system cnil 
Receiver -control 


-enable 
monitoring 


Synthesizer cntl 
Battery low input 
Out-of-Range ind. 
On-chip voltage 
doubler 


EEPROM -width 
-programming 


-content 


Message storage 


Packaging 


PCF5001 


4 
2 
fixed (POCSAG) 


“ky 


no 
32768 or 16384 Hz 


no 
dedicated lines 


one level 


no 


no 

yes 
yes 
yes 


3 * 38 bits 

5.0 Volt 

2-prog. lines 

user address (4-RIC), 
pager configuration 


1 (display pager) or 
8 different silent calls 
(alert only) 


(T), 28 pin minipack, 
plastic, SOT136A 
(H), 32 pin QFP, 
plastic SOT358AA1 
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PCD5003 


6 

6 

fixed (POCSAG) plus 
programmable (max. 4) 


yes (prog. polarity) 
32768 or 50 Hz 
2 or 1/60 Hz 


yes (optional) 
dedicated lines, 


I2C (including PCD5003 wake-up) 


two level (Separate 


rec. oscil/rec. pwr; see UAA2082) 


yes 


3-line serial interf. 
yes 
yes 
yes 


48 * 8 bits 

2.5 Volt (over air!) 

I2C (up to 400 kbit/s) 
user address (6-RIC), 
pager configuration, 
synthesizer data 


96 bytes of call data 
in two batches 


(U/10), 32 pads naked 
die, film frame carr. 

(H), 32 pin QFP, 
plastic SOT358-1 


For more information, please refere to the data sheets: 
PCF5001, POCSAG Paging Decoder, June 1993 or Philips Semiconductor Data Handbook IC03, 1993 


PCD5003, Advanced POCSAG Paging Decoder, November 1994 
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3. PCD5002 


The PCD5002 is a very low power decoder and pager 
controller specifically designed for use in new-generation 
radio pagers. It is fully compatible with the POCSAG 
standard, but also complies with the basic version of the 
new APOC standard (APOC-1), which offers much 
improved battery economy. The PCD5002 operates at 
speeds of 512, 1200 and 2400 baud using a single 

76.8 kHz crystal and has advanced ACCESS 
synchronization. 


Documentation and the APOC licence are available from 
Philips Telecom (Private Mobile Radio), Cambridge (UK). 


4. OM4031T 


The OM4031T is a digital post detection filter for FSK 
Data receivers. The basic filter circuit is an integral part of 
the Philips Pager Decoder ICs PCF5001, PCD5002 and 
PCD5003 and enhances the sensitivity of a pager- 
system, build around these decoders. It was decided to 
also have the filter available as a discrete circuit building 
block to the pager designer, allowing for greater flexibility 
and enhanced performance of his design. 

The following description was taken from the data sheet 
of OM4031. 


4.1 General description 


The OM4031T is intended for performance enhancement 
of FSK data receivers that do not have a built-in post- 
detection filter. 


It contains a digital moving average filter to remove noise 
from the demodulated data. When operated from a 

38.4 kHz external clock it can handle data rates of 600, 
1200 and 2400 bits/s at an oversampling rate of 16. The 
filter bandwidth can be doubled to ease the search for bit 
synchronization on the output data. 


To allow for jitter in the input data, a 12-bit sample is 
taken for the majority decision. Doubling the filter 
bandwidth is realized by taking the majority out of 

6 samples (2400 bits/s) or by doubling the sampling rate 
(600 and 1200 bits/s). 
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An input data rate of 4800 bits/s is supported at 8 times 
oversampling and normal bandwidth. 


All inputs are Schmitt-triggered to ensure reliable 
operation even at signals with long rise/fall times. 


4.2 Functional description 


The OM4031T Digital Post-Detection Filter oversamples 
the noisy binary data stream at the input, and outputs a 
noise-reduced data stream via an open drain output. The 
filter bandwidth can be doubled to ease the search for bit 
synchronization on the data output signal. 


Although designed for a clock frequency of 38.4 kHz 
typical, the clock frequency is not very critical for the 
noise filtering performance: a clock frequency of 

32.768 kHz could be used at 512, 1200 and 2400 bits/s 
without loss of performance. 

Since no on-chip oscillator is available, an external clock 
signal is required at the clock input, with a frequency 
between 30 - 80 kHz. Two control inputs are used for 
selection of the data rate and the filter bandwidth. 

The OM4031T filter output will produce bit rates equal to 
the clock frequency divided by 64, 32 or 16. When the 
clock frequency is not an integer multiple of the data rate 
some edge jitter will be introduced in the output data. 


Noise reduction is realized by applying a moving average 
filter on N samples of the input data signal. In principle N 
can be odd or even, but in the OM4031T an even number 
is used (N=12). When there is no absolute majority 
(equal number of ones and zeroes) the previous majority 
output is maintained. 

Using 12 out of 16 samples for the majority decision 
produces a filter which combines good noise reduction 
with a large tolerance for data jitter (max. 1/8 bit 
duration). 


The moving average filter is implemented using a 13-bit 
shift register and two state machines for the majority 
decision. The first stage of the shift register is used for 
input synchronization. 
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The first state machine generates the internal clock signal 
and the bandwiath selection signal, according to the logic 
levels on three control lines. 


The majority decision is taken by the second state 
machine based upon the contents of the input shift 
register and the previous decision in the output latch. 

To obtain an impression of the performance of the filter, 
the OM4031T was tested ina POCSAG pager application 
using software decoding, together with the UAA2080H 
receiver. For 12-digit numeric messages at 1200 bits/s 
the typical sensitivity for 80% call success rate improved 
by 2.8 dB. 


4.3 Applications 


The OM4031T is specifically valuable in cases were 
maximum sensitivity of an FSK-based transmission 
system is required and/or optimum data integrity. These 
requirements may be found in a host of applications, e.g. 
telemetry data receivers, RF security systems, low bit 
rate wireless data links and, of course, Paging 
applications of UAA2080 and UAA2082 with software 
decoding. 


4.4 Packaging 


The OM4031T is available in an 8 pin, plastic SO8 
package, SOT96A. 


For more information on OM4031T, please refer to the 
data sheet 


OM4031T Digital Post-Detection Filter for FSK Data 
Receivers, August 1994. 
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MBCOI4-1 


Dimensions in mm. 
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Dimensions in mm. 


Fig.24 TO-92 VARIANT (BS107 BS108 BS170 BSN254/A BSP254/A BSS89 BSS92 BST74A BST76A series). 
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Dimensions in mm. 


Fig.25 BZW03 and BZW14 series (SOD64). 
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Dimensions in mm. 


MSA203 


Fig.26 BR211 series (SOD84). 
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Dimensions in mm. 


Fig.27 BGY46A BGY46B BGY47A series (SOT 181). 
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Dimensions in mm. 


Fig.28 BGY95A/B BGY96A/B series (SOT200). 
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Dimensions in mm. 


Fig.29 BSP126 BSP225 BSP89 BSP92 series (SOT223). 
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Dimensions in mm. 


Fig.30 BGY110D/E/F/G series (SOT246). 
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pin 1 indication (index or sign) 


Dimensions in mm. 


Fig.31 16-lead dual in-line; plastic (SOT38Z). 
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Dimensions in mm. 


Fig.32 16-lead dual in-line; plastic (SOT38 GE GG). 
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Dimensions in mm. 


Fig.33 16-lead dual in-line; plastic (SOT38 DF). 
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Dimensions in mm. 


Fig.34 8-lead mini-pack; plastic (SO8; SOTQ6A). 
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Dimensions in mm. 


Fig.35 8-lead dual in-line; plastic (SOT97). 
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Dimensions in mm. 


Fig.36 24-lead dual in-line; plastic (SOT101LG). 
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seating plane 





Dimensions in mm. 


Fig.37 18-lead dual in-line; plastic (SOT102G). 
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Dimensions in mm. 


Fig.38 14-lead mini-pack; plastic (SO14; SOT108A). 
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Dimensions in mm. 


Fig.39 16-lead mini-pack; plastic (SO16; SOT109A). 
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Dimensions in mm. 


Fig.40 9-iead single in-line; plastic (SOT110B). 
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Dimensions in mm. 


Fig.41 28-lead dual in-line; plastic (SOT 117N). 
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Dimensions in mm. 


Fig.42 40-lead dual in-line; plastic (SOT129).. 





IX - 39 


Philips Semiconductors Pager Applications Handbook 


Package outlines 


aia 23.6 max I 


@ 
c 
& 
a 
> 
= 
& 
8 


Dimensions in mm. 


Fig.43 18-lead dual in-line; ceramic (cerdip) (SOT133B). 
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Dimensions in mm. 


Fig.44 28-lead mini-pack; plastic (SO-28; SOT 136A). 
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Dimensions in mm. 


Fig.45 24-lead mini-pack; plastic (SO-24; SOT137A). 
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seating plane 


STYLE 


zz oss 


Dimensions in mm. 


Fig.47 20-lead dual in-line; plastic (SOT 146). 
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Dimensions in mm. 


Fig.49 16-lead mini-pack; (SO16L; SOT 162A). 
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Dimensions in mm. 


Fig.50 20-lead mini-pack; plastic (SO20L; SOT163A). 


IX - 47 


Philips Semiconductors Pager Applications Handbook 


Package outlines 





(8x) : = 


Dimensions in mm. 


Fig.51 8-lead mini-pack; plastic (SO8L; SOT176C). 
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seating plane 
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16.51 17.40 








detail A wecess 


Dimensions in mm. 


Fig.52 44-lead plastic leaded chip carrier (PLCC) (SOT187CG). 
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detail A MBCO52 


Dimensions in mm. 


Fig.53 68-lead plastic feaded chip carrier (PLCC) (SOT188CG). 
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Dimensions in mm. 


Fig.54 84-lead plastic leaded chip carrier (PLCC) (SOT189AG). 
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Fig.55 56-lead mini-pack; plastic (VSO56; SOT190AJ). 
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Dimensions in mm. 


Fig.56 44-lead quad flat-pack 14 mm square; plastic (SOT205AG). 
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Dimensions in mm. 


Fig.57 64-lead quad flat-pack rectangular; plastic (SOT208A). 
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Dimensions in mm. 


Fig.58 80-lead quad flat-pack; plastic (SOT219). 
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Dimensions in mm. 


Fig.59 20-lead shrink dual in-line; plastic (SSOP20; SOT266A). 
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Dimensions in mm. 


Fig.60 44-lead quad flat-pack 10 mm square; plastic (QFP44S10; SOT311A). 


IX - 57 


Philips Semiconductors Pager Applications Handbook 


Package outlines 










iii sr 


eae Bea em ew en oe ee ee 











APSA RTETHI 


20.1 24.2 
19.9 23.6 


Dimensions in mm. 


Fig.61 80-lead quad flat-pack; plastic {QFP80; SOT318). 
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Dimensions in mm. 


Fig.62 80-lead ceramic quad K-pack (N0331B). 
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Soldering information 


SOLDERING 
Plastic mini-packs, PLCC and QFP 
By WAVE 


During placement and before 
soldering, the component must be 
fixed with a droplet of adhesive. 
After curing the adhesive, the 
component can be soldered. The 
adhesive can be applied by screen 
printing, pin transfer or syringe 
dispensing. 


Maximum permissible solder 
temperature is 260 °C, and 
maximum duration of package 
immersion in solder bath is 10 s, if 
allowed to cool to less than 150 °C 

_ within 6 s. Typical dwell time is 4 5 at 
250 °C. 


A modified wave soldering technique 
is recommended using two solder | 
waves (dual-wave), in which a 
turbulent wave with high upward 
pressure is followed by a smooth 
laminar wave. Using a 
mildly-activated flux eliminates the 
need for removal of corrosive 
residues in most applications. 


By SOLDER PASTE REFLOW 


Reflow soldering requires the solder 
paste (a suspension of fine solder 
particles, flux and binding agent) to 
be applied to the substrate by 
screen printing, stencilling or 
pressure-syringe dispensing before 
device placement. 


Several techniques exist for 
reflowing; for example, thermal 
conduction by heated belt, infrared, 
and vapour-phase reflow. Dwell 
times vary between 50 and 300 s 
according to method. Typical reflow 
temperatures range from 215 to 
250 °C. 


Preheating is necessary to dry the 
paste and evaporate the binding 
agent. Preheating duration: 45 min 
at 45 °C. 


REPAIRING SOLDERED JOINTS (BY 
HAND-HELD SOLDERING IRON OR 
PULSE-HEATED SOLDER TOOL) 


Fix the component by first soldering 
two, diagonally opposite, end pins. 


«Apply the heating tool to the flat part 


of the pin only. Contact time must be 
limited to 10 s at up to 300 °C. 
When using proper tools, all other 
pins can be soldered in one 
operation within 2 to 5 s at between 


_ 270 and 320 °C. (Pulse-heated 


soldering is not recommended for 
SO packages.) 


For pulse-heated solder tool 
(resistance) soldering of VSO 
packages, solder is applied to the 
substrate by dipping or by an extra 
thick tirviead piating before package 
placement. 


SOLDERING 
Plastic dual in-line packages 
BY DIP OR WAVE 


The maximum permissible 
temperature of the solder is 260 °C; 
this temperature must not be in | 
contact with the joint for more than 

5 s. The total contact time of 
successive solder waves must not 
exceed 5 s. 


The device may be mounted up to 
the seating plane, but the 
temperature of the plastic body must 
not exceed the specified storage 
maximum. Sf the printed-circuit board 


has been pre-heated, forced cooling. 


may be necessary immediately after 
soldering to keep the temperature 
within the permissible limit. 


REPAIRING SOLDERED JOINTS 


Apply the soldering iron below the 
seating plane (or not more than 
2mm above it). If its temperature is 
below 300 °C, it must not be in 
contact for more than 10 s; if 
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between 300 and 400 °C, for not 
more than 5 s. 


SOLDERING . 
Tab modules 
FLUXING 


Use a flux that does not have to be 
removed, or a water-soluble flux. 


SOLDERING 


The reflow soldering method using 

pulse-heated tool is usually suitable 
Limit the soldering operation io 3s 

at 250 °C at the leads. 


CLEANING 


Avoid cleaning If possible. If 
cleaning is necessary, use cold or 
hot water. A detergent may be 
added to the water. Finally rinse wit 
de-ionized water. 


Do not use ultrasonic cleaning 
methods as these may damage the 
inner or outer leads. 


Do not use solvents. 
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DATA HANDBOOK SYSTEM 

Philips Semiconductors data handbooks contain all 
pertinent data available at the time of publications and 
each is revised and reissued regularly. 

Loose data sheets are sent to subscribers to keep them 
up-to-date on additions or alterations.made during the 
lifetime of a data handbook. 


Catalogues are available for selected product ranges 
(some catalogues are also on floppy discs). 


Our data handbook titles are listed here. 


Integrated circuits 


Book Title 

ICO1 Semiconductors for Radio and Audio Systems 

ICO2 Semiconductors for Television and Video 
Systems 

ICO3 Semiconductors for Telecom Systems 

ICO4. CSMOS HE4000B Logic Family 

ICO6 High-speed CMOS Logic Family 

IC11 General-purpose/Linear ICs 

IC12 Display Drivers and Microcontrollers 
Peripherals (planned) 

IC13 Programmable Logic Devices (PLD) 

IC14. 8048-based 8-bit Microcontrollers 

IC15 FAST TTL Logic Series 

IC16 ICs for Clocks and Watches 

IC18 Semiconductors for In-car Electronics and 
General Industrial Applications (planned) 

IC19 Semiconductors for Datacom: LANs, UARTs, 
Multi-protocol Controllers and Fibre Optics 

IC20 851-based 8-bit Microcontrollers 

IC21 68000-based 16-bit Microcontrollers (planned) 

IC22 ICs for Multi-media Systems 

IC23_ QUBIC Advanced BiCMOS Interface Logic 
ABT, MULTIBYTE™ 

IC24 Low Voltage CMOS Logic 
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Discrete semiconductors 
Book Title 

SCO1 Diodes 

SCc0d2 
CS03 
SC04 
SC05 


Power Diodes 
Thyristors and Triacs 
Small-signal Transistors 


Low-frequency Power Transistors and 
Hybrid IC Power Modules 


High-voltage and Switching 
NPN Power Transistors 


SC06 


SC07 
SC08a 
SCO08b 
SCO9 
SC10 
SC13 
SC14 


Small-signal Field-effect Transistors 
RF Power Bipolar Transistors 

RF Power MOS Transistors 

RF Power Modules 

Surface Mounted Transistors 
PowerMOS Transistors 


RF Wideband Transistors, 
Video Transistors and Modules 


SC15 
SC16 
SC17 


Microwave Transistors 
Wideband Hybrid IC Modules 


Semiconductor Sensors 


Professional components 


PCO1 High-power Klystrons and Accessories 


PCO6 Circulators and Isolators 
MORE INFORMATION FROM PHILIPS SEMICONDUCTORS? 


For more information about Philips Semiconductors data 
handbooks, catalogues and subscriptions contact your 
nearest Philips Semiconductors national organization, 
select from the address list on the back cover of this 
handbook. Product specialists are at your service and 
enquiries are answered promplly. 


Philips Semiconductors 


Data handbook system 


OVERVIEW OF PHILIPS COMPONENTS 
DATA HANDBOOK 


Our sister product division, Philips Components, also has 
a comprehensive data handbook system to support their 
products. Their data handbook titles are listed here. 


Mee 


Display components 


Book Title 

DCO1 Colour Display components 
Colour TV Picture tubes and Assemblies 
Colour Monitor Tube Assemblies 

DC02 Monochrome Monitor Tubes and Deflection 
Units 

DC03 Television Tuners, Coaxial Aerial Input 
Assemblies 

DC05 Flyeack Transformers, Mains Transformers and 


General-purpose FXC Assemblies 


Liquid Crystal displays 


LCDO1 Liquid Crystal Displays and Driver ICs for LCDs 


Magnetic products 
MAO1 
MAO03 


Soft Ferrites 


Piezoelectric Ceramics Specialty Ferrites 


Passive components 


PAO1 Electrolytic Capacitors 

PA02 Varsities, Thermistors and Sensors 

PAOS3 Potentiometers and Switches 

PA04 Variable Capacitors 

PAO5 Film Capacitors 

PAOS Ceramic Capacitors 

PAO7 Quarts Crystals for Special and Industrial 
Application 

PA08 Fixed Resistors 

PA10 Quarts Crystals for Automotive and Standard 
Applications 

PA11 Quarts Oscillators 


Xl -2 


Pager Applications Handbook 


Professional components 


PC04 Photo Multipliers 

PCO5 Plumbicon Camera Tubes and Accessories 

PCO7 Vidicon and Newvicon Camera Tubes and 
Deflection Units 

PCO8 Image Intensifiers 

PCO9 Dry-reed Switches 

PC12 Electron Multipliers 


MORE INFORMATION FROM PHILIPS COMPONENTS? 


For more information contact your nearest Philips 
Components national! organization shown in the 
following list 


Argentina: BUENOS AIRES, Tel.(541)541 4261, Fax.(541)786 7635 
Australia: NORTH RYDE, Tel.(02)805 4455, Fax.(02)805 4466. 

Austria: WIEN, Tel.(01)60101 1820, Fax.(01)60101 1210. 

Belgium: BRUXELLES, Tel.(02)741 8211, Fax.(02)735 8667. 

Brazil: SAO PAULO, Tel.(011)829 1166, Fax.(011)829 1849. 

Canada: SCARBOROUGH, Tel.(416)292 5161, Fax.(416)754 6248. 
Chile: SANTIAGO, Tel.(02)773 816, Fax.(02)5602 735 3594. 

China (Peoples Republic of): SHANGHAI, Tel.(021)3264140, Fax.(021)3202160. 
Colombia: BOGOTA, Tel.(01)249 7624, Fax.(01)261 0139. 

Denmark: COPENHAGEN, Tel.(032)883 333, Fax.(031)571 949. 
Finland: ESPOO, Tel.(9)0-50261, Fax.(9)0-520971. 

France: ISSY-LES-MOULINEAUX, Tel(01)4093 8000, Fax.(01)4093 8127. 
Germany: HAMBURG, Tel.(040)3296-0, Fax.(040)3296 216. 

Greece: TAVROS, Tel.(01)489 4339/(01)489 4991, Fax.(01)481 5180. 
Hong Kong: KWAI! CHUNG, Tel.(852)724 5121, Fax.(852) 480 6960. 
India: BOMBAY, Tel.(022)493 8541, Fax.(022)494 1595. 

Indonesia: JAKARTA, Tel.(021)5201 122, Fax.(021)5205 189 

Ireland: DUBLIN, Tel.(01)693 355, Fax.(01)640 210. 

Italy: MILANO, Tel.(02)6752, Fax.(02)6752 3300. 

Japan: TOKIO, Tel.(03)3740 5143, Fax.(03)37405 035 

Korea: (Republic of): SEOUL, Tel.(02)794-5011, Fax.(02)789-8022. 
Malaysia: KUALA LUMPUR, Tel.(03)757 5511, Fax.(03)757 4880. 
Mexico: CHI HUA HUA, Tel.(016) 18-67-01/(016)18-67-02, Fax.(016)778 0551. 
Netherlands: EINDHOVEN, Tel.(040)7 83749, Fax.(040)7 88399. 

New Zealand: AUCKLAND, Tel.(09)849-4160, Fax.(09)849-7811. 
Norway: OSLO, Tel.(02)74 8000, Fax.(02) 74 8341. 

Pakistan: KARACHI, Tel.(021)577 032, Fax.(021)569 1832. 

Peru: LIMA, Tel.(014)350 059, Fax.(014)486 949. 

Philippines: MANILA, Tel.(02)810-0161, Fax.(02)817-3474. 

Portugal: LISBOA, Tel.(01)388 3121, Fax.(01)388 3208. 

Singapore: SINGAPORE, Tel.(65)350 2000, Fax.(65)355 1758. 

South Africa: JOHANNESBURG, Tel(011)470-5434, Fax.(011)470-5494. 
Spain: BARCELONA, Tel.(03)301 6312, Fax.(03)301 4243. 

Sweden: STOCKHOLM, Tel.(0)8-782 1000, Fax.(0)8-782 9002. 
Switzerland: ZURICH, Tel.(01)488 2211, Fax.(01)481 7730. 

Taiwan: TAIPEI, Tel.(2)509 76 66, Fax.(2)500 5912. 

Thailand: BANGKOK, Tel.(2)399-3280 to 9, (2)389-2083, Fax.(2)398-2080. 
Turkey: ISTANBUL, Tel.(01)279 2770, Fax.(01)269 3094. 

United Kingdom: LONDON, Tel.(071)580 6633, Fax.(071)636 0394. 
United States: RIVIERA BEACH, Tel.(800)477-3762/(407)881 3200, Fax.(407)881 3300. 
Uruguay: MONTEVIDEO, Tel.(02)704 044, Fax.(02)920 601. 

Venezuela: CARACAS, Tel.(02)241 7509, Fax.(02)951 7339. 

For all countries apply to: Philips Components, 

Marketing Communications, Building BAE, 

P.O. Box 218, 5600 MD, Eindhoven, The Netherlands 

Telex 35000 phtenl, Fax + 31-40-724547. 
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Argentina: IEROD, Av. Juramento 1992 - 14.b, (1428) 
BUENOS AIRES, Tel. (541)786 7633, Fax. (541)786 9367 
Australia: 34 Waterloo Road, NORTH RYDE, NSW 2113, 
Tel. (02)805 4455, Fax. (02)805 4466 
Austria: Triester Str. 64, A-1101 WIEN, P.O. Box 213, 
Tel. (01)60 101-1236, Fax. (01)60 101-1211 
Belgium: Postbus 90050, 5600 PB EINDHOVEN, The Netherlands, 
Tel. (31)40 783 749, Fax. (31)40 788 399 


Brazil: Rua do Rocio 220 - 5" floor, Suite 51, 
CEP: 04552-903-SAO PAULO-SP, Brazil. 
P.O. Box 7383 (01064-970). 
Tel. (011)821-2333, Fax. (011)829-1849 
Canada: PHILIPS SEMICONDUCTORS/COMPONENTS: 
Tel. (800) 234-7381, Fax. (708) 296-8556 
Chile: Av. Santa Maria 0760, SANTIAGO, 
Tel. (02)773 816, Fax. (02)777 6730 
Colombia: IPRELENSO LTDA, Carrera 21 No. 56-17, 
77621 BOGOTA, Tel. (571)249 7624/(571)217 4609, 
Fax. (571)217 4549 
Denmark: Prags Boulevard 80, PB 1919, DK-2300 COPENHAGEN §S, 
Tel. (032)88 2636, Fax. (031)57 1949 
Finland: Sinikalliontie 3, FIN-O2630 ESPOO, 
Tel. (9)0-50261, Fax. (9)0-520971 
France: 4 Rue du Port-aux-Vins, BP317, 
92156 SURESNES Cedex, 
Tel. (01)4099 6161, Fax. (01)4099 6427 
Germany: P.O. Box 10 63 23, 20043 HAMBURG, 
Tel. (040)3296-0, Fax. (040)3296 213. ~ 
Greece: No. 15, 25th March Street, GR 17778 TAVROS, 
Tel. (01)4894 339/4894 911, Fax. (01)4814 240 
Hong Kong: PHILIPS HONG KONG Ltd., 15/F Philips Ind. Bidg., 
24-28 Kung Yip St., KWAI CHUNG, N.T., 
Tel. (852)424 5121, Fax. (852)480 6960/480 6009 
India: Philips INDIA Ltd, Shivsagar Estate, A Block , 
Dr. Annie Besant Rd. Worli, Bombay 400 018 
Tel. (022)4938 541, Fax. (022)4938 722 
Indonesia: Philips House, Jalan H.R. Rasuna Said Kav. 3-4, 
P.O. Box 4252, JAKARTA 12950, 
Tel. (021)5201 122, Fax. (021)5205 189 
Ireland: Newstead, Clonskeagh, DUBLIN 14, 
Tel. (01)640 000, Fax. (01)640 200 
Italy: PHILIPS SEMICONDUCTORS S.r.l., 
Piazza IV Novembre 3, 20124 MILANO, 
Tel. (0039)2 6752 2531, Fax. (0039)2 6752 2557 
Japan: Philips Bldg 13-37, Kohnan2-chome, Minato-ku, TOKYO 108, 
Tel. (03)3740 5028, Fax. (03)3740 0580 
Korea: (Republic of) Philips House, 260-199 ltaewon-dong, 
Yongsan-ku, SEOUL, Tel. (02)794-5011, Fax. (02)798-8022 
Malaysia: No. 76 Jalan Universiti, 46200 PETALING JAYA, 
SELANGOR, Tel. (03)750 5214, Fax. (03)757 4880 
Mexico: 5900 Gateway East, Suite 200, EL PASO, TX 79905, 
Tel. 9-5(800)234-7381, Fax. (708)296-8556 
Netherlands: Postbus 90050, 5600 PB EINDHOVEN, Bldg. VB 
Tel. (040)783749, Fax. (040)788399 
New Zealand: 2 Wagener Place, C.P.O. Box 1041, AUCKLAND, 
Tel. (09)849-4160, Fax. (09)849-7811 
Norway: Box 1, Manglerud 0612, OSLO, 
Tel. (022)74 8000, Fax. (022)74 8341 


Pakistan: Philips Electrical Industries of Pakistan Ltd., 
Exchange Bldg. ST-2/A, Block 9, KDA Scheme 5§, Clifton, 
KARACHI 75600, Tel. (021)587 4641-49, 

Fax. (021)577035/5874546. 

Philippines: PHILIPS SEMICONDUCTORS PHILIPPINES Inc, 
106 Valero St. Salcedo Village, P.O. Box 2108 MCC, MAKATI, 
Metro MANILA, Tel. (02)810 0161, Fax. (02)817 3474 

Portugal: PHILIPS PORTUGUESA, S.A., 

Rua dr. Antonio Loureiro Borges 5, Arquiparque - Miraflores, 

Apartado 300, 2795 LINDA-A-VELHA, 

Tel. (01)4163160/4163333, Fax. (01)4163174/4163366. 
Singapore: Lorong 1, Toa Payoh, SINGAPORE 1231, 

Tel. (65)350 2000, Fax. (65)251 6500 

South Africa: S.A. PHILIPS Pty Ltd., 

195-215 Main Road Martindale, 2092 JOHANNESBURG, 
P.O. Box 7430 Johannesburg 2000, 
Tel. (011)479-5911, Fax. (011)470-5494. 
Spain: Balmes 22, 08007 BARCELONA, 
Tel. (03)301 6312, Fax. (03)301 42 43 
Sweden: Kottbygatan 7, Akalla. S-164 85 STOCKHOLM, 
Tel. (0)8-632 2000, Fax. (0)8-632 2745 
Switzerland: Allmendstrasse 140, CH-8027 ZURICH, 
Tel. (01)488 2211, Fax. (01)481 77 30 

Taiwan: PHILIPS TAIWAN Ltd., 23-30F, 66, Chung Hsiao West 
Road, Sec. 1. Taipeh, Taiwan ROC, P.O. Box 22978, 
TAIPEI 100, Tel. (02)388 7666, Fax. (02)382 4382. 

Thailand: PHILIPS ELECTRONICS (THAILAND) Ltd., 

209/2 Sanpavuth-Bangna Road Prakanong, 
Bangkok 10260, THAILAND, 
Tel. (662)398-0141, Fax. (662)398-3319. 

Turkey: Talatpasa Cad. No. 5, 80640 GULTEPE/ISTANBUL, 
Tel. (0212)279 2770, Fax. (0212)282 6707 

United Kingdom: Philips Semiconductors LTD., 

276 Bath Road, Hayes, MIDDLESEX UB3 5BX, 
Tel. (0181)730-5000, Fax. (0181)754-8421 

United States: 811 East Arques Avenue, SUNNYVALE, 

CA 94088-3409, Tel. (800)234-7381, Fax. (708)296-8556 

Uruguay: Coronel Mora 433, MONTEVIDEO, 

Tel. (02)70-4044, Fax. (02)92 0601 


Internet: http:/Awww.semiconductors.philips.com/ps/ 


For all other countries apply to: Philips Semiconductors, 
International Marketing and Sales, Building BE-p, 

P.O. Box 218, 5600 MD, EINDHOVEN, The Netherlands, 
Telex 35000 phtenl, Fax. +31-40-724825 
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